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PREFACE  TO, THE, FIRST  EDITION 


This  book,  ttie  first  draft  of  vhicli  was  written  six  years  ago,  Is  tlie 
outgrowth  of  the  introductorf  course  in  chemistrj  vhich  the  author 
has  given  for  the  past  fifteen  years,  A  subject  undergoing  the  per- 
sistent, though  unconscious  criticism  of  keen  minds  should  gain  in 
self-consistency  and  coherence  as  it  is  presented  year  after  year.  For 
example,  an  answer  must  be  found  for  the  common  question,  "  Why 
does  the  chemistry  of  the  laboratory  differ  from  the  chemistry  of  the 
text-book  and  the  lecture  to  such  an  extent  that  they  seem  to  be  different 
sciences  ?  "  The  ohemistry  of  the  laboratory  is,  of  oourae,  the  only 
teal  ohemistry,  and  that  of  the  lecture  must  be  somewhere  at  fault. 
The  student  neither  sees  nor  weighs  atoms,  for  instance,  and  so  the 
'Retails  of  the  laboratory  experiment,  which  are  seen  and  studied,  become 
'.  the  basis  of  the  whole  treatment.  The  atom  and  the  ion  assume  the 
r&le  of  merely  figurative  aids  in  the  description  of  the  facts.  Gradually 
the  conception  of  chemical  equilibrium  comes  to  contribute  the  major 
part  of  the  explanation  which  is  essential  to  the  evolution  of  a  system 
of  ehBrniatry  founded  upon  experiment. 

Id  the  choice  and  arraogement  of  the  material,  several  principles 
have  served  as  guides  : 

The  book  is  intended  primarily  for  students  beginning  the  study  of 
ttbemistry  in  a  college,  university,  or  professional  schooL     It  is  assumed 
that  use  of  the  book  goes  hand  in  hand  with  syatematically  arranged 
laboratory  work  in  general  chemistry.     The  first  four  chapters,  for  ex- 
ample, contain  a  discussion  of  a  few  typical  experiments.     They  appeal 
directly  to  experience  derived  from  the  performance  and  observation 
'  of  these  and  other  similar  experiments  in  the  laboratory  and  in  the 
.  class-room.     In  these  chapters  some  of  the  features  which  are  charao- 
'  teristie  of  every  ohemioal  phenomenon  are  sought  out,  put  into  words, 
'  and  illoBtrated. 
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No  conception  is  defined,  &nd  no  generalization  oi  law  is  developed, 
until  such  a  point  lias  been  reached  that  applications  of  the  conception 
and  experimental  illustrations,  later  to  be  related  in  the  law,  have 
already  been  encountered,  and  there  is  about  to  be  occasion  for  further 
applications  and  illustrations  of  the  same  things  in  the  chapters 
immediately  succeeding.  In  these  chapters  the  applications  are 
frequent  and  explicit.  Later,  page  leferences  in  parentheses  con- 
tinue to  indicate  the  recurrence  of  examples  which  might  other- 
wise fail  to  be  noticed.  It  is  one  thing  to  come  to  kjtow  a  principle 
of  the  science,  and  quite  another  thing  to  have  acquired,  by  constant 
repetition  of  the  process,  a  confirmed  kabU  of  uaitig  the  prin- 
ciple on  every  appropriate  oooaaion.  To  assist  still  further  in  the 
attainment  of  this  end,  an  attempt  is  made  in  the  last  six  chapters 
again  to  mention  and  illustrate,  by  way  of  review,  the  most  important 
priaciples  of  the  science. 

No  conception  or  principle  is  given  at  all,  unless,  in  its  most  elemen- 
tary aspects,  it  can  be  made  clear  to  a  beginner ;  and  unless  it  is 
capable  of  numerous  applications  in  elementary  work;  and,  finally, 
unless  a  knowledge  of  it  is  of  material  use  in  organizing  and  unifying 
the  result  of  such  elementary  work. 

An  attempt  has  been  made  to  state  the  laws  and  to  define  the  con- 
ceptions of  the  science  in  terms  of  esperimental  facts.  The  figurative 
language  of  hypothesis  has  been  employed  only  in  explanations, 
'  Familiarity  with  physical  conceptions  and  facts  is  so  indispensable 
to  the  chemist  that  no  apology  is  needed  for  the  rather  full  treatment 
which  some  of  them  have  received. 

So  two  chemists  would  agree  perfectly  in  regard  to  the  apportion- 
ment of  space.  The  processes  of  chemical  industry,  and  the  every-day 
applications  of  chemical  science,  cannot  all  be  mentioned.  These 
fields,  and  that  of  mineralogy,  can  be  represented  by  examples,  with- 
out the  incompleteness  of  the  result  being  in  any  way  a  detriment  to  a 
work  of  a  general  character.  Again,  a  dense  array  of  descriptive 
material,  unillumined  by  explanation,  is  a  positive  injury  to  an  intro- 
ductory treatise.  All  reference  to  historical  matters  cannot  be  omitted, 
bat  a  logical  display  of  the  subject  can  be  achieved  with  comparatively 


litUe  of  th«  history  Of  all  the  aspects  of  the  science,  the  theoietioal 
is  thus  the  one  whose  treatment  is  susceptible  of  least  abbteviation. 

The  principles  of  chemical  equilibrium  are  (and  have  been  for  the 
past  half-centmy)  fully  as  much  required  for  intelligent  Consideration 
of  the  simplest  experiment,  ae  ia  the  theory  of  combining  proportions 
itself.  Important  parts  of  the  theories  of  solutions  and  of  the  lattery 
are  much  more  recent,  but  each  is  equally  indispensable  to  the  under- 
staoding  of  matters  which  cannot  long  be  withheld  from  the  notice  of 
&e  banner.  Surely  space  ought  not  to  be  saved  by  entire  omission  of 
assential  parts  of  the  chief  thing  that  makes  chemistry  at  all  worthy 
of  a  place  amongst  the  sciences.  Nor  may  we  attain  brevity,  no  matter 
how  great  the  temptation,  by  condensing  the  passages  on  tiieory  until 
th^  reach  the  limit  of  comprehensibility  by  an  expert.  Without  cleax 
exposition,  full  illustration,  and  frequent  application,  laws  and  princi- 
ples simply  repel,  or  worse  still,  mislead  the  beginner. 

We  reach  the  same  conclusion  from  another  view-point.  Every 
student  should  have  access  to,  and  should  use,  reference  books  devoted 
especially  to  descriptive,  industrial,  historical,  and  physical  chemistry, 
and  to  mineral)^  and  crystallography  —  at  least  one  good  book  in 
each  of  these  five  sul^ects.  With  the  help  of  the  index,  the  veriest  ^ro 
can  Bud  in  a  few  moments,  almost  anything  he  wants  in  four  out  of 
five  of  these  branches.  But  just  the  opposite  is  the  case  with  the 
theory.  Only  an  expert  realizes  what  information  he  is  in  need  of, 
and  knows  under  what  titles  to  look  for  it.  And  often  even  the 
expert  would  fail  to  understand  the  isolated  sentence  or  paragraph 
when  found.  In  a  large  proportion  of  connections  the  beginner  sim- 
ply cannot  use  such  a  book  for  rapid  reference  at  all.  In  many  lines, 
therefore,  much  may  be  left  to  outside  reading,  but  for  theory  almost 
no  dependence  can  be  placed  on  reference  work  in  other  books. 

For  the  reasons  enumerated  above,  an  unusually  large  proportion 
of  space  has  been  given  to  theoretical  matters.  The  actual  amount  of 
theory  is  no  greater  than  is  usual  in  books  of  the  same  class,  but  the 
explanations  are  often  fuller.  Even  so,  the  beginner  will  probably 
find  that  some  parts  form  reading  as  stiff  as  any  he  is  accustomed  to 
undcxtake,  without  complaint,  in  physics  or  mathematics.     It  can  only 


VIU  PREFACE 

be  said  that  easily  read  modes  ctf  p^aenting  the  staeDoe  of  chemistry 
are  apt  to  delude  the  begiuiier  into  thinking  he  has  mastered  the  sab- 
ject,  when  in  reality  he  has  simply  been  steered  clear  of  the  chief  diffi- 
oalties. 

The  order  of  topics  was  determined  by  nmny  oonaiderataoiu, 
jointly.  For  example,  in  the  first  week  of  his  work,  a  student  may 
encounter  experiments,  in  connection  with  which,  almost  every  part  of 
chemical  theory  might  usefully  be  discussed.  But  mastery  of  the 
theory  must  Deceasarily  come  bit  by  bit,  and  the  theory  is  therefore 
distributed  through  the  book.  Instead  of  being  introduced  as  soon  as 
a  fragment  offers  a  chance  for  esplanadou,  the  treatment  of  each  of  the 
various  theoretical  subjects,  as  far  as  possible,  haa  been  postponed  until 
a  whole  chapter  could  be  devoted  to  it.  The  result  makes  subsequent 
reference  easier,  and  facilitates  alterations  iu  the  order  of  study. 
Thus,  the  hypothesis  of  ions  is  not  mentioned  as  soon  as  it  well  might 
be,  because  satisfactory  treatment  of  it  must  follow  the  molecular  and 
atomic  hypotheses  of  which  it  is  an  ezteusiou,  and  because  the  full 
explanation  of  this  hypothesis  must  be  preceded  by  some  account  of  the 
phenomena  of  electrolysis  and  of  the  essential  properties  of  solutiona, 
and,  also,  by  a  discussion  of  chemical  equilibrium,  a  sul^ect  which  erf 
necessity  presupposes  two  or  three  mouths'  work  in  chemistry.  There 
ia  another  disadvantage  which  arises  from  a  premature  explanation  of 
the  hypothesis  of  ionization.  When  it  appears  at  an  early  stage,  too 
long  an  interval  separates  this  subject  from  the  study  of  the  metallic 
elements,  and  the  details  are  largely  forgotten  before  the  field  for  their 
chief  employment  is  reached. 

The  paragraphs  iu  smaller  type  are  not  intended  for  beginners,  bat 
for  advanced  students  and  teachers,  which  accounts  for  ihe  fact  that 
reference  will  frequently  be  found  in  them  to  subjects  treated  system- 
atically  in  later  chapters. 

The  exercises  and  problems  are  simply  samples  of  some  of  the 
various  kinds  of  questions  which  might  be  raised  in  dozens  at  the  end 
of  every  chapter. 

Recent  works  oq  general  chemistry  have  been  oonsnlted  during  the 
revision  of  the  manuscript.     Of  these  A.  A.  Noyes'  admirable  Qenerat 
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PmeiplM,  Ostwftld'8  Orundlinien  —  a  Teritable  tour  de  force,  and  Bloz- 
ud'b  Ckemiatry  may  be  mentioned  as  liaring  proved  most  BUggestive. 
The  author  ovee  Bpecial  thanks  to  several  friends  who  have  undertaken 
the  toilsome  work  of  reading  part  or  all  of  the  book  in  manoscript^r  in 
proo^  and  in  particular  to  his  ooUet^ues  Messrs.  Julius  Stieglitz,  H.  N. 
UcCoy,  L.  W.  Jones,  and  £.  S.  Hall,  to  Dr.  J.  B.  Tingle  of  Johns 
Hopkins  University,  to  Mr.  C.  M.  Wirick  of  the  R.  T.  Crane  High 
School,  Chicago,  and  to  Mr.  Maurice  Pincoffs  of  Chioago.  The  author 
alone  is  responsible  for  any  defects  which  may  be  inherent  in  the  plan 
of  the  book  and  for  errors  vhich  may  have  escaped  detection,  but  must 
gratefully  acknowledge  the  very  great  beuefit  the  book  has  derived 
bom  the  friendly  criticism  of  these  gentlemen.  Other  corrections  or 
m^estions  will  be  gladly  received  by  the  author. 
CmcAdo,  January,  1906.  ALKSANnsB  Smuh. 
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The  general  arrangement  of  the  book  has  not  been  altered,  ex- 
cepting that  the  difficult  chapter  on  the  oxygen  acids  of  chlorine  has 
been  transferred  to  a  later  position.  The  contents  have  been  brought 
up  to  date.  The  introductory  chapters  have  been  improved.  More 
applications  of  chemistry  have  been  introduced.  Various  methods 
(rf  writing  equations  are  discussed.  Additional  paragraphs  for  ad- 
vanced students  (in  small  type)  dealing  with  various  points  of  view 
ID  regard  to  subjects  like  valence,  and  with  the  logical  arrangement 
of  matters  like  chemical  properties,  have  been  added.  Experiments 
suited  for  demonstration  purposes  have  been  designated  by  the  sign 
(Lect  exp.]. 

In  order  to  induce  the  student  to  carry  the  book  to  and  from  the 
laboratory,  the  volume,  as  in  the  previous  editions,  has  been  made  as 
compact  as  possible  by  the  use  of  narrow  margins  and  specially 
made,  thin  paper. 

The  author  is  greatly  indebted  to  many  friends,  whose  suggestiona 
have  been  utilized  in  the  revision.  He  is  also  under  great  obli- 
gations to  Dr.  J.  E.  Booge,  Dr.  George  Scatchard,  and  Mr.  Kenneth 
P.  Monroe  for  codperating  in  the  reading  of  the  proofs,  and  for  the 
many  corrections  and  improvements  to  which  they  have  called  his 
attention. 

New  Yobk,  January  1917.  Alexandeb  Smith. 
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■  HuuAN  knowledge  has  become,  in  recent  times,  so  extensive  and 
complex  that  the  truths  ascertained  have  had  to  be  divided,  more  or 
less  arbitrarily,  into  groups.  Thus,  the  study  of  animals,  their  classi- 
fication by  structure,  life-history,  distribution,  and  so  forth,  form  the 
group  known  as  zoology.  Such  a  group  is  called  a  icienco,  and  in- 
cludes a  more  or  less  distinct  body  of  knowledge.  There  is  a  widely 
spread  impression  that  a  science,  like  chemistry,  is  a  part  of  the 
natural  order  of  the  Universe.  It  is  thought  that  we  are  trying  to 
find  the  boundaries  of  chemistry,  as  they  have  been  predetermined 
by  nature,  and  to  discover  the  facts,  relations  of  facts,  and  laws 
which  nature  has  provided  as  a  means  of  classifying  the  content 
of  the  science.  Now,  the  situation  is  precisely  the  reverse  of  this. 
Nature  provides  only  the  materials  and  the  phenomena,  and  man  is 
attempting  to  classify  them.  He  divides  the  whole  into  groups,  such 
as  physics,  chemistry,  botany,  etc.  Then  he  classifies  the  facts 
within  each  group,  in  order  that  he  may  more  eaaly  remember  them 
and  perc^ve  their  relations.  He  often  finds  that,  when  new  facts  , 
are  discovered,  parts  of  the  classification  have  to  be  changed. 

That  the  boundaries  of  these  groups  are  purely  arbitrary,  how- 
ever, and  do  not  exist  in  the  subject-matter  itself,  is  seen  at  once  in 
our  own  treatment  of  them.  Thus,  for  convenience,  we  take  the 
structure  of  animals  by  itself  and  style  it  anatomy;  but  we  include 
in  the  science  of  physiology  the  study  of  the  way  in  which  the  parts 
of  both  plarUa  and  animals  perform  their  functions;  and  we  sissemble 
cognate  parts  of  two  groups  in  sciences  Hke  astro-physics  and  phys- 
ical chemistry.  The  sciences,  therciore,  are  not  mutually  exclusive, 
and  their  boundaries  overlap  in  every  direction. 
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The  difficulty  in  deciding  what  are  the  most  convenient  boundaries 
is  as  great  with  chemistry  as  with  other  groups.  At  the  one  ex- 
treme we  have  the  abstract  Bcl«ac«s,  It^c  and  mathematics.  At 
the  other  extreme  lie  the  concrrto  icUiicw  like  geology,  zodlogy,  and 
astronomy.  The  former  are  not  concerned  primarily  with  the  study 
of  matter  at  all,  but  with  that  of  abstract  conceptions.  The  latter 
deal  with  definite  aggregates  Qf  matter,  such  as  the  nature  and  his- 
tory of  a  particular  deposit  of  sulphur  and  their  relation  to  thoee 
of  other  deposits  of  sulphur,  or  the  structure  and  history  of  a  particu- 
lar collection  of  organic  material  ktiown  as  a  pike,  Mid  their  relation 
to  the  structure  and  history  of  a  mass  of  similar  material  called  a 
salmon.  Between  these  two  set«  of  sciences  are  the  regions  occupied 
by  the  abitract-ooncret«  sdencM,  physics  and  chemistry.  These 
sciences  deal  in  part  with  the  same  portions  of  matter,  but  in  a  more 
al>stnict  way  than  do  geology  or  biology.  To  them,  all  specimens  of 
pure  sulphur  are  alike,  whether  they  have  been  formed  by  volcanic 
action,  or  have  been  deported  by  bacteria  in  an  entirely  different 
manner.  In  particular,  the  line  which  divides  physics  and  chemistry 
from  one  another  is  often  difficult  to  draw.  It  is  assumed,  however, 
that  the  reader  is  already  familiar  with  the  elements  of  phydcs,  and 
so,  in  place  of  enterii^  upon  an  academic  discus^on  of  the  nature  of 
this  line,  we  shall  allow  its  location  to  emerge  as  we  proceed. 

The  same  principle  of  grouping  is  pursued  within  each  field. 
Thus  the  preparation  and  properties  of  chemical  compounds  is  called 
dMCriptive  chsmlitry.  The  content  of  this  portion  of  the  subject 
is  in  turn  divided  into  orgaitlo  chemistry  (dealing  with  almost  aU 
the  compounds  contajnii^  carbon)  and  Inorganic  chemistry,  and 
the  content  of  each  of  these  is  further  classified  according  to  a  plan 
involving  the  consideration  of  the  constituents  of  each  compound. 
The  study  of  the  proportions  of  the  constituents  in  compounds, 
of  the  conditions  under  which  chemical  action  occurs,  and  related 
matters  of  a  more  abstract  character,  are  grouped  together  in  ttwo- 
retical  clumisti7,  which  is  likewise  subdivided.  Again,  the  means 
that  have  been  devised  for  recognizing  the  components  of  mixtures 
or  compounds  and  measuring  their  quantities  constitute  the  several 
branches  of  Mulysta.  The  subdivi^ons  of  chemistry  of  this  kind  are 
numerous,  e.g.,  industrial  chemistry,  bio-chemistry,  food  chemistry, 
radio-active  chemistry,  and  so  forth. 

The  ideal  in  view  in  thus  classifying  the  content  of  a  science  is  to 
convert  it  into  an  orguiiiod  body  of  knowledge.  The  various  ways 
uaed  to  organize  the  facts  of  a  science  will  be  presented  in  detul  aa 
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opportunity  offera.     These  ways  constitute  what  is  called  the  idMi- 
ti&c  moUiod. 

It  J8  only  by  following  intelligently  the  way  in  which  the  science 
is  manufactured,  step  by  step,  out  of  the  raw  materiid  fumi^ed  by 
observation  and  experiment,  that  the  student  can  gain  a  sound  foun- 
datJOD  for  more  advanced  work  in  the  same  sdence,  or  a  mental  train- 
ing broad  enough  in  its  tendency  to  add  measurably  to  his  efficiency 
in  every  other  task.  The  chief  object  of  useful  thought,  no  matter 
whether  the  problem  is  one  of  language,  history,  business,  or  life,  is 
to  organize  isolated  facte  into  knowledge,  and  the  means  of  succeeB- 
fully  accomplishing  this  is  the  use  of  the  scientific  method. 

IFhat  Chemiatry  Deah  With.  —  Chemistry  is  the  scienoe 
which  deals  with  ail  forms  of  matter.  It  conaders  the  natural  kinds, 
such  as  rocks  and  minerals,  as  well  as  materials  like  fat  and  fiour  - 
obtained  from  animals  or  plants.  It  deals  also  with  artificial  prod- 
ucts like  paints  or  explosives.  When  we  wish  information  about 
any  specimen  or  kyid  of  matter,  we  consult  a  chenust.  Now  chem- 
ists have  worked  out  a  point  of  view  which  enables  them  to  attack 
any  problem  connected' with  matter  in  a  systematic  manner  and  to 
state  the  results  in  a  clear  and  simple  way.  To  learn  dumistir, 
we  must  first  striTo  to  aoquirs  this  point  of  view  and  to  l«am  tlw 
tsdmioai  language  the  chemist  uses  in  stating  and  digcussing  his 
results. 

Propertiea.  —  Suppose  that  a  piece  of  rusty  iron  is  submitted 
to  till!  UUSnist.  \Je  at  once  examines  the  rust  and  notes  that  it  is 
reddish-brown  in  color  and  earthy  in  appearance.  He  separates 
some  of  it  from  the  iron  and  finds  it  to  be  brittle,  that  is,  easily  broken 
and  capable  of  being  polverized  in  a  mortar.  He  finds  that  its  den- 
sty  is  about  4.5,  that  is  to  say,  1  c.c.  (Appendix  I)  of  it  we^hs  about 
4.5  g  (1  c.c.  of  water  at  4°  weighs  1  g.).  On  heating  some  of  it  in  a 
flame,  he  finds  that  it  does  not  melt,  and  must,  therefore,  have  a 
very  high  melting-point.  These  qualities  he  calls  properties,  and 
more  espedally  physical  properties.  Since  all  specimens  of  iron- 
rust  show  exactly  the  same  properties,  he  often  calls  them  ipedflo 
phTKical  propertiw,  because  they  are  propertiea  ihown  by  all  spsd- 
msits  of  a  partlcuUr  spedw  of  matter. 

After  removing  any  rust  by  filing  or  scraping,  the  chemist  ex- 
amines the  iron,  and  finds  a  fresh,  clean  surface  to  be  almost  white 
and  metalhc  in  appearance.     The  metal  Is  tenacious,  so  that  it  can 
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be  bent  but  not  easily  broken.  He  finds  that  ita  denmty  is  about 
7.5,  and  that  the  metal  is  incapable  of  being  melted  in  an  ordinary 
fiame.  In  addition,  be  finds  it  to  be  strongly  attracted  by  a  magnet, 
white  rust  is  not  attracted. 

The  chemist,  then,  studies  what  he  calls  the  specific  phymcal 
properties  of  each  material,  in  order  that  he  may  be  able  to  recognixc 
various  materials. 

Sitbatoncw.  —  AU  specimeos  of  iron  show  one  set  of  proper- 
ties and  all  specimens  of  iron-rust  show  a  different  set,  peculiar  to 
rust.  The  chemist  calls  any  dsflnlt*  Ttiivty  of  matter,  all  ip«el- 
mana  of  wbleb  show  th«  Bam*  proportieB,  a  BUbstaoe*.  Iron  ia 
one  substance  and  rust  another.  A  substance  is  recognized  by  its 
properties. 

That  all  bodies  of  a  like  Ipnd  have  identical  properties  is  the 
most  fundamental  fact  in  chemistry.  This  fact  is  called  the  Lww 
of  spedflG  pbTiIcal  propertiH,  and  is  stated  thus:  Th«  ipsciflG  pbraioal 
propntlM  of  a  subitance  are  coiuAant  In  all  apactmana. 

The  point  of  view  of  the  chemist  consists,  therefore,  in  describing 
any  material  by  ascertaining  whether  it  is  made  of  one,  or  of  more 
than  one  substance.  Ha  dmcrlbw  It  bj  T>*mtng  the  aubataacM  wbidi, 
by  a  study  of  their  properties,  he  has  found  hi  It. 

Tho  foregoing  defiiution.  of  a  Bubstance  is  very  incomplete.  Ilius,  a  Uuiee 
per  cent  eolution  of  comiaan  salt  in  water  always  has  the  Bame  properties,  yet  it  is 
not  one  mbetanoe,  but  a  aolution  containing  eeveial  Bubetancee.  This  definition 
is  sufficimt  for  the  present  purpose,  however. 

T^en  nhiftmtiitnji  qf  the  Study  and  Deacnption  of  Mate- 
rials. —  If  a  piece  of  granite  is  examined  by  a  chemist,  he  observes 
at  once  that  it  is  spotted  in  appearance,  and  made  up  of  several 
crystalline  materials  of  differing  nature.  He  therefore  breaks  it 
up  and  studies  the  properties  of  the  fragments.  Some  of  the  frag- 
ments of  granite  are  dark  and  with  a  penknife  can  easily  be  split  into 
transparent  sheets,  thinner  than  paper.  These  particular  frag- 
ments are  in  all  respects  like  mica  (Fig.  1).  This  substance  is  a 
mineral  which,  in  certain  neighborhoods,  occurs  in  large  masses,  and 
aheeta  of  it  ("isinglass")  are  used  to  close  the  windows  of  stoves. 
Others  of  the  fragments  are  clear  like  glass,  and  are  very  hard  (see 
Appendix  II),  and  have  aU  the  properties  of  gvartz  or  rock  crystal 
(Rg.  2),  which  is  another  substance  well  known  to  the  chemist. 
The  remaining  fragments  are  less  clear  than  quartz,  and  are  not  ao 
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'  hard.  They  can  be  split  into  layera,  but  not  nearly  so  easily  as  can 
mica.  Tbey  form  oblong  crystab,  <Mering  m  this  also  from  quartz, 
which  shows  hexagonal  crystals.*  This  substance  la  felspar  (Fig.  3). 
Thus  the  chemist  studies  the  physical  properties  of  the  fragments, 
and  finds  that  there  are  three  different  substances  in  granite.  He 
reports  that  the  components  of  granite  are  mica,  quartz,  and  felspar. 


When  flour  ia  examined  by  the  chemist,  it  appears  to  the  eye  to 
be  all  alike.  Under  the  microscope,  even,  all  he  can  learn  is  that  it 
consists  largely  of  grains,  which  have  the  characteristic  appearance 
(first  property)  of  grains  of  starch  (Fig,  4),  He  places  some  Sour 
on  a  square  piece  of  cheese-cloth  and  encloses  it  by  tying  with  a 
thread  (F^.  5).    On  kneading  the  little  bag  in  a  vessel  of  water, 


nulky  water  ia  squeezed  out.  When  the  milky  water  stands,  the 
white  material  settles  to  the  bottom,  the  water  can  be  poured  off, 
and  the  deposit  can  be  dried.  This  white  substance,  when  boiled 
with  water,  gives  an  abnost  clear  liquid  which  jellies  on  cooling. 
This  is  another  property  of  starch.     A  httle  tincture  of  iodine  (sotu- 

•  Crystala  (see  also  Index)  are  natural  forma  ot  geometrical  outline,  which 
Hc^d  substMices  neBume.  Usually  each  substance  haa  a  more  or  less  distinct 
form  of  its  own,  the  particular  angles  at  which  the  faces  meet  being  peculiar  to 
the  nibrtance.  ItA  individual  crystalline  form  is  therefore  a  specific  physical 
pn^Nrty  <rf  each  Bubetance. 
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tioD  of  iodise  in  alcohol),  dropped  on  a  part  of  the  starch,  causes  ' 
the  latter  to  turn  blue.  This  is  a  very  characteristic  property  of 
(and  therefore  teet  for)  starch.  When  the  bag  of  flour  is  kneaded 
persistently  in  water  which  is  frequently  clianged,  the  material 
finally  ceases  to  render  the  water  milky.  The  starch  has  all  been 
washed  out.  When  the  bag  is  now  opened,  a  sticky  material  ia  . 
found  in  it.  This  is  called  glvien.  The  chemist  therefore  finds  that 
the  flour  contains  starch  and  gluten.  He  learns  this  by  aqtustinc 
the  components. 

Late  of  Component  Substances.  —  Brery  matarUl  can  b«  d»> 
scribed  u  balng  composftd  of  one  substance,  or  as  belnc  a  mlztim  of 
two  or  more  component  substanoes,  each  of  which  has  a  definite  set 
of  specific  physical  properties.  This  is  the  second  fundamental  law 
of  chemistry.  This  conceptiotlj  was  first  clearly  stated  by  Lomo- 
Dosaov  (17^),  a  Russian  author,  statesman,  and  chemist  (1711- 
1765). 

Mixtures  and  Impurities.  —  A''jnaterial  containing  more  than 
one  component  substance  is  called  a'vinixturc.  The  characteristic 
of  a  mixture  ia  that  each  of  tbe  com.ponetit  substancw,  although 
mixed  with  the  olhers,  posaeues  ezactlr  the  "same  propertied  M  U 
It  were  present  alone.  No  one  of  the  components  affects  any  other 
compon^it  or  alters  any  of  its  properties.  Granite  and  fiour  are 
typical  mixtures. 

When  a  specimen  is  composed  mainly  of  one  substance,  and 
contaim  only  minute  amounts  of  one  or  more  other  substances,  it ' 
is  frequently  spoken  of  as  a  specimen  of  the  main  substance  contaiu- 
ii^  cert^sjn  specified  substances  as  impurities.  To  be  called  an 
impurity,  the  foreign  matter  need  not  be  dirty  or  offensive.  Thus, 
common  salt  usually  contains  a  little  magnesium  chloride,  a' white 
crystalline  solid,  as  an  impurity,  and  it  is  this  impurity  which  becomes 
damp  in  wet  weather.  Again,  compounds  of  Ume  and  of  mag- 
nesium are  common  impurities  in  drinking  water. 

Chemically  pure  (C.P.)  means  that  the  quantities  of  tbe  im- 
purities which  the  material  is  most  apt  to  contain  have  been  reduced 
below  the  amoimt  which  would  interfere  with  the  most  exact  chemical 
work  for  which  the  substance  is  commonly  employed.  Absolutely 
pure  bodies  are  unknown. 

By  convention  we  continually  speak  of  "pure"  hydrochloric  acid, 
or  of  "pure"  sulphuric  acid,  although  there  may  be  more  than  60  per 
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eeat  of  water  present  in  the  former,  and  7  per  cent  in  the  latter.  By 
this  we  mean  to  distinguish  the  former  from  "  commennal "  hydro- 
chloric acid,  for  example,  which  cont^ns,  in  addition  to  the  water, 
impurities  like  sulphuric  acid  and  a  coloring  matter.  The  water 
is  in  fact  tUsiegarded,  since  it  is  assumed  to  be  present  in  all  cases. 

I  Components.  —  The  IncrsdlMitB  of  a  mlztun  are  called  the  oom- 
pononts  (Lat.,  componere,  to  put  together),  because  they  are  simply 
placed  tt^thei^  without  change,  and  can  be  separated  without 
change. 

Bo^ea  or  Spedmena.  It  will  be  seen  that  substance  b  a  gen- 
eral term,  like  the  word  "d(«,"  covering  the  whole  species.  The 
Bubttance  iron  includes  all  the  iron  in  the  Universe,  and  all  that  was 
made  in  the  past  or  may  be  made  in  the  future.  When  we  refer 
to  a  particular  piece  of  iron,  we  call  it  a  body  or  a  Bpedmen. 

A  bodr  is  any  psitlculu  ■p«clman  of  mattar,  such  as  a  piece  of 
sulphur,  a  portion  of  water,  a  piece  of  ferrous  sulphide,  a  fragment 
(rf  granite,  or  some  nitrate  of  silver  solution.    There  are  thus  as 
many  bodies  as  there  are  discrete  portions  of  matter.    A  body  may 
be  hetert^eneous,  or  made  up  of  vidbly  unlike  parts,  as  granite  and  a 
mtetura  of  iron  powder  and  sulphur  are;  or  it 
may  be  bomt^neous,  or  alike  in  all  puts,  as 
are  pieces  of  sulphur  and  of  ferrous  sulphide 
and  portions  of  wat«r  and  of  nitrate  of  mlver 
solution. 

The  Ruating  of  Metala.  —  If  we  return 
once  more  to  the  subject  of  rusty  iron,  we 
find  another  point  which  interests  the  chemist. 
If  the  iron  is  kept  moist  —  for  example,  by 
lying  in  the  grass  or  partly  immersed  in  water 
—  the  layer  of  rust  gradually  becomes  thicker, 
and  the  core  of  iron  becomes  thinner  until  it 
finally  disappears.  The  rust  seems  to  be 
formed  from  Oie  iron,  in  presence  of  bit  and  ^^'  * 

moisture.  The  iron,  particle  by  particle,  loses  the  properties  of 
iron  and  simultaneously  acquires  those  of  rust.  Now,  the  ehamlst 
Is  ecmoo-nod,  not  only  with  recognizing  substances,  but  also  with 
the  ways  In  wtaleh  tabstancw  cbang*  ind  n«w  subBtaneM  «• 
produced- 
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Several  other  metals  rust,  as  does  iron,  but  the  change  is  slower. 
Thus,  lead  rusts  (tarnishes)  slowly,  and  zinc  still  more  slowly.  The 
change  can  be  hastened  by  heating.  If  some  lead  be  melted  m  a 
porcelain  crucible  (Fig.  6)  and  be  stirred  with  an  iron  wire,  a  dirty 
yellow  powder  collects  on  the  surface.  Gradually  more  and  more 
of  the  powder  is  formed  and  less  and  less  of  the  metallic  lead  re- 
mains, until  at  last  all  the  metal  is  gone.  Melted  tin,  when  treated 
in  the  same  way,  gives  a  white  powder. 

'  Explanatum  cjf  Rusting.  —  The  first  fact  which  seemed  to 
throw  Ught  on  the  subject  was  discovered  by  a  French  physician, 
Jean  Rey  (1630),  who  found  that  the  rusts  of  tin  and  lead,  made  by 
heating  and  stirring,  were  heamer  than  the  original  pieces  of  metal. 
He  inferred,  correctly,  that  the  additional  material  which  caused 
the  increase  in  weight  came  from  the  eii.  He  imaged,  however, 
that  the  rust  was  not  a  new  substance,  but  a  sort  of  froth,  and  there- 
fore a  mixture  of  air  with  the  metal.  Other  investigators,  such  as 
Hooke  (1635-1703)  and  particularly  Mayow  (1645-1679),  in  Eng- 
land, explained  the  increase  in  weight  by  supposing  that  some 
material  from  the  air  had  omened  with  the  metal.  In  other  words, 
iron,  for  example,  was  one  substance  composed  of  iron  only,  and  rust 
was  another  substance,  made  by  union  of  iron  and  a  material  from  the 
air,  and  not  a  mere  mixture. 

It  was  Lomonossov  (1756)  who  first  proved  by  an  experiment 

that  the  extra  material  did  come  from  the  air.     He  placed  some 

tin  in  a  flask,  sealed  up  the  mouth  of  the  vessel,  and  weighed  the 

len  heated  and  the  tin  was  converted  into 

ing  as  the  flask  remained  sealed,  no  change 

have  occurred.     When  the  mouth  of  the 

ir,  some  air  rushed  in,  and  the  total  weight 

eater.     Evidently  a  jwrtion  of  the  original 

had  forsaken  the  gaseous  condition  and 

to  form  the  powder.    This  left  a  partial 

vacuiun  in  the  fiask,  and  more  air  entered  when  the  latter  was 

opened.     Eighteen  years  later  the  same  experiment  was  made  by 

Lavoisier,  who  drew  the  same  conclusion.     The  rusting  of  other 

metals  was  found  to  be  due  to  the  same  cause.    Lavoisier  named 

the  gas,  taken  from  the  air,  oxygen. 

The  conclusion  can  be  confirmed  in  various  ways.  For  example, 
when  the  air  is  pumped  out  of  the  flask  liefore  it  is  sealed,  the  metal 
can  be  heated  in  the  vacuum  indefinitely  without  rusting. 

'.oogk' 
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A  rough  imitalioD  of  the  rueting  of  iron  may  be  ebown  to  be  aocompanied  by 
an  increaae  in  weight.  Iron  powder  is  Buspeoded  by  means  of  a  magDet  over  one 
pan  of  a  balance,  and  the  equipcose  is  restored  by  placinK  small  shot  on  the  other 
pan.  When  the  iron  ia  heated,  union  with  oxygen  begins  and,  after  a  time,  the 
pointer  tnclinea  markedly  to  one  side.  The  product  here  ia  magnetio  oxide  o( 
iron  Fe»04,  however,  and  not  rust  F^i,iH)0. 

Experiment  to  Show  the  Nature  off  Rusting.  —  That  a  part 
of  the  air  is  consumed  when  iron  rusts  is  easily  proved.  We  moisten 
the  interior  of  a  test-tube  and  sprinkle  some  powdered  iron  so  that 
it  covers  and  adheres  to  the  whole  interior 
surface.  We  then  set  the  tube  mouth  down- 
wards in  a  dish  of  water  (Fig.  7).  At  first, 
the  pressure  of  the  water  compresses  the  ^r  in 
the  tube  very  slightly,  and  the  water  ascends 
above  the  mouth  to  the  extent  of  a  small  frac- 
tion of  an  inch  only.  As  the  moist  iron  slowly 
rusts,  however,  the  oxygen  is  gradually  re- 
moved, and  the  pressure  of  the  atmosphere 
outside  slowly  pushes  the  water  further  up  the 
tube.  After  an  hour  or  more,  the  water  has 
ascended  about  one-fifth  of  the  total  distance  towards  the  top  of  the 
tube.  Evidently  part  of  the  air  has  changed  from  the  gaseous  con- 
dition, and  the  water  has  been  forced  up  to  take  its  place.  Inspec- 
tion now  shows  some  reddish  particles,  where  rusting  has  taken  place. 
The  rust,  then,  contains  part  of  the  iron  and  all  the  oxygen  that 
the  tube  contained. 

Of  course,  much  of  the  iron  powder  is  still  j 
rusted.  The  air  in  the  tube  did  not  contain  oxya 
bine  with  all  the  iron.  The  iron  that  remains  | 
ruHt  in  the  remaining  goa  as  in  a  vacuum.  ^^ 

Incidentally  we  leam  from  this  experiment  that  atnfl^lReric  wr 
contiuns  about  one-fifth  (20  per  cent)  oxygen  by  volume.  The  re- 
maining four-fifths  b  almost  all  nitrogen  (79  per  cent) ,  a  substance 
which  combines  with  very  few  materials,  while  the  balance  (1  per 
cent)  is  made' up  of  gases  which  do  not  enter  into  combination  with 
any  known  substance.  If  lead,  tin,  or  zinc  had  been  heated  in  an 
enclosed  volume  of  air,  they  likewise  would  have  taken  out  the 
20  per  cent  of  oxygen  and  would  have  left  the  other  gases. 

An  Older  View:  Phlogiston.  —  Simple  and  satisfactory  as  this 
explanation  appears  to  us,  it  must  be  eaid  that  it  gained  little  ^jrm- 
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patby  from  the  contemporaries  of  Rey,  Hooke,  and  Msyow.  The 
other  investigators  had  been  prejudic^  by  a  remarkable  hypothe«B 
which  was  supposed  to  expl^n  both  rusting  and  combustion.  Start- 
ing with  a  suggestion  of  Plato's,  that  during  combustion  some  material 
escaped  from  the  burning  body,  and  that  the  flames  and  heat  repre- 
sented the  vigor  with  which  tiaa  substance  rushed  out,  Stahl  And 
Becher  invented  the  idea  that  a  substance,  which  they  called  "phlo- 
^ston,"  was  contained  in  all  materials  capable  of  rusting  or  burning. 
Its  escape  accoimted  for  the  phenomena  of  combustion,  and  its  ab- 
sence for  the  alteration  in  properties  of  the  residual  substance.  They 
were  perfectly  aware  that  the  material  was  heavier  after  rusting  thaji 
before,  but  refused  to  sacrifice  their  hypothec  to  a  mere  fact  like 
this.  So  they  ingeniously  appended  the  suggestion  that  phli^^ton' 
was  a  substance  which  not  only  was  not  subject  to  gravitation,  but 
possessed  the  opposite  property  of  levityl  Thus,  ite  escape  rendered 
the  material  from  which  it  issued  heavier  than  before!  Instead  of 
demanding  the  preparation  and  examination  of  phlogiston  itself,  and 
the  demonstration  that  it  weighed  less  than  nothing,  the  generality  of 
chemists  of  that  age  accepted  the  idea  without  proof.  It  is  not  sur- 
piising,  therefore,  that  many  of  their  attempts  to  expl^  chemical 
experiments  on  the  ba^s  of  an  assumption  which  was  the  precise 
opposite  of  the  truth  should  have  resulted  in  hopeless  confuraon. 
The  fact  that  foreign  matter  was  actually  gained  by  a  body  during  the 
process  of  rusting  was  not  generally  accepted  until  it  was  demou- 
strated  anew  by  Lavoisier  in  1774  {p.  8),  The  whole  development 
of  chemistry  was  stunted  by  the  general  belief  in  the  conception  of 
phlo^ston  and,  during  the  one  hundred  and  fifty  years  which  passed 
betwee^^e  wa|t  of  Jean  Rey  and  his  contemporaries,  and  that  of 
Lavoi^^B|M^^Hy  little  progress  was  made. 


S  of  the  balanoe  into  the  chemical  laboratory,  and  the  fivst 
rements  of  weight  bb  a  meauB  ot  exploring  and  explaining  chemical 
changes,  ia  frequently  ascrU>ed  to  I^voiaier.  As  a  matter  of  fact,  it  ie  difficult  to 
state  when  measuremeDt  o!  we^t  first  became  the  chief  ally  of  the  chemist  ia  his 
work.  Importuit  and  (x>ncluaive  reaulta  were  obtained  by  its  means,  however, 
brfore  the  time  of  Lavoisier,  for  example,  by  Jean  Say,  B<^le,  LcHnanoasov,  and 
Black  (1728-1799). 

Explanation  in  Science.  —  One  section  (p.  8)  was  entitled 
Explanation  of  rusting.  If  that  paragraph  be  now  re-read,  it  will 
be  found  that,  in  the  ordinary  (as  distinct  from  the  scientific)  sense 
of  the  word,  no  explanation  was  given!    When  we  ask  a  man  to  "ex- 
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plun"  aome  feature  in  his  conduct,  we  recogiuze  that  he  might 
have  chosen  to  act  otherwise,  and  we  wish  to  know  why  he  acted 
precisely  aa  he  did.  Nature,  however,  has  no  free  will,  and  cannot 
tell  why  ahe  presents  certain  phenomena,  and  not  others. 

On  wtmnining  the  explanation,  we  find  that  it  simply  shows  that, 
when  iron  rusts,  it  combines  with  oxygen  from  the  aii.  This  is  an 
additional  fact.  It  shows  how  iron  rusts,  namely  by  taking  up 
CHcygen,  but  not  why  it  is  able  to  unite  with  oxygen.  We  simply 
do  not  know  why  iron  can  combine  with  oxygen  gas  and  platinum 
can  not. 

Explanations  in  chemistry  are  of  three  kinds.  (1)  We  usually 
try  to  show  that  the  phenomenon  is  not  an  isolated  one.  Thus, 
we  show  tiiat  other  metals  rust.  This  reconciles  us  to  some  extent 
to  the  fact  that  iron  rusts,  and  we  feel  some  mental  satisfaction. 
This  is  the  method  of  ibowliic  that  tbv  fact  to  be  eqdalnMi  is  a 
number  at  a  Urg*  dan  of  Bimllar  facts.  (2)  Next  we  try  to  «et 
mon  lofonnatton  about  the  fact  to  be  explained.  Thus,  when,  to 
tbe  acquuntance  with  the  outward  manifestations  of  rusting,  we 
add  tbe  further  information  that  there  is  an  increase  in  w^ght,  and 
tiiat  this  is  due  to  union  of  oxygen  from  the  air  with  the  iron,  we  feel 
increased  satisfaction,  and  say  that  the  fact  has  been  "explained." 
(3)  If  we  are  still  dissatisfied,  and  can  discover  no  further  useful 
facts,  we  <"'«ff'"*  a  state  of  aflaln  which,  U  teue,  would  cluaifT  the 
fact  or  add  to  wtiat  we  know  about  It.  This  step  we  call  explain- 
ing by  means  of  an  tan>ol>l^"<>l*-  We  then  devote  our  attention  to 
trying  to  verify  the  hypothesis.  The  making  of  attempts  to  expl^n 
facts  is  part  of  tbe  Scientific  Method  (p.  3). 

The  Law  of  Chetnical  Change.  —  The  three  ex^ulgkif  rust- 
ing show  that  specmiens  of  matter  can  lose  their  ori^rS^^pertiee 
and  acquire  new  ones.  Since  a  substance  is  "a  species  of  matter, 
with  a  constant  set  of  properties,"  we  are  compelled  to  decide  that, 
when  a  material  changes  its  properties,  it  has,  in  doing  so,  become  a 
new  substance.  This  consideration  calls  to  our  attention  the  third 
of  tbe  fundamental  laws  of  ohamlstzj,  namely,  that  the  material 
tomilnff  one  or  more  lubstaaoea  (such  as  oirygen  and  iron),  without 
ceasing  to  exist,  ma;  be  changed  into  one  or  more  entirely  diflerent 
substances.  Such  a  change  is  called  a  chemical  chante,  or  action, 
or  lnta>«ctlon,  or  reaction. 

The  commoner  kinds  of  chemical  actions  can  be  divided,  for  con- 
venience, into  five  varieties.    We  can  now  define  the  first  of  thees. 
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First    Variety   of  Chemical   Changes     Combination.  —  Id 

each  case  of  mating,  two  aubetances  (a  gas  and  a  metal)  come  to- 
gether to  form  a  third  substance  (an  earthy  powder).  Apparently 
two  substances  may  come  together  in  two  different  ways.  They 
may  form  a  mixture,  in  which  both  substances  are  present,  and 
retain  their  properties,  or  they  may  come  together  to  form  a  dngle 
substfuice  with  different  properties.  When  two  (or  mora)  lub- 
BtuicM  unite  to  tonn  on«  BuJutance,  the  change  is  called  nhwni<i».i 
eombinatioii  or  union.  The  product  is  called  »  compound  nilutuiev. 
We  are  very  careful  never  to  apeak  of  a  compound  gubetance  as  a 
mixture.  Rust  is  not  a  mixture  of  iron  and  oxygen;  it  showa  none 
of  the  properties  of  either.  Nor  do  we  call  a  mixture  (like  granite)"  ^ 
compound,  or  the  operation  of  mixing,  combination  or  union.  These 
are  technical  words  in  chemigtry  and,  to  avoid  confusion,  may  be 
used  only  with  due  regard  to  their  technical  meaningB. 

C.~'-  ■ 
J  Constituents:  —  As  Ve'  have  seen,  we  speak  of  the  substances 
in  a  mixture  as  Hie  components.  When  we  wish  to  refer  to  the  forms 
of  matter  which  are  chemically  united  in  a  compound,  we  call  them 
the  conitttusnte  (Lat.,  con  and  statuere,  to  stand  together)  of  the 
compound  substance.  Thus,  iron  and  oxygen  are  the  constituents 
of  rust. 

The  chemist  separfttw  (p.  6)  the  components  of  a  mixture,  for 
that  is  all  that  is  necessary.  He  UbaratM  the  constituents  of  a  com- 
pound, however,  bectCnoe  they  are  bound  together  in  chemicfil  com- 
bination.    -^ 

The  names  given  to  compounds  are  usually  devised  so  as  to 
indicate  the  nature  of  the  constituents.  Thus,  iron-rust  is  oxide 
of  irondjl^ifrTic  oxide,  from  Lat.  femim,  iron).  The  yellowish 
powder  MnTlead  is  lead  oxide  or  oxide  of  lead,  and  the  white  powder 
from  tin  is  oxide  of  tin. 

A  Condensed  Form  of  Statement.  —  We  may  represent  a 
chemical  combination,  or  indeed  any  kind  of  chemical  change,  in  a 
condensed  form,  thus: 

Iron  +  Oxygen  — ♦  Oxide  of  iron  (ferric  oxide). 

Each  name  stands  for  a  substance.  Two  substances  in  contact  with 
one  another  (mixed),  but  not  united  chemically,  are  connected  by 
the  +  sign.  The  arrow  shows  where  the  chemical  change  comes  in, 
and  the  direction  of  the  change.    We  read  the  statement  thus: 
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Iron  and  oxygen  brought  k^ether  under  suitable  conditions  undergo 
chemical  change  into  oxide  of  iron,  called  also  ferric  oxide.  Similarly 
we  may  write: 

Lead  +  Oxygen  — » Oxide  of  lead. 

Tin    +  Oxygen  -♦  Oxide  of  tin,- 

The  Increase  in  Weight  in  Rusting,  —  As  we  have  seen,  the 
process  of  rusting  is  accompanied  by  a  slow  increase  in  ths  ifeight 
of  the  solid,  due  to  the  gradual  addition  of  oxygen  to  the  metal. 
Now,  this  increase  in  weight  ceases  of  its  own  accord,  when  a  certmn 
maximum  has  be^i  reached.  This  occurs  when  the  last  particles  of 
the  metal  have  disappeared.  Thus,  the  lead  g^ns  in  weight  until 
every  100  parts  of  the  metal  hate  gained  7.72  parta  of  oxygen,  and 
the  tin  until  ever^  100  parte  have  gained  26.9  parts  of  oxygen,  ■■ 
When  these  increases  have  occurred,  the  metal  is  found  to  have  been 
all  used  up,  and  proloi^ed  beating  and  stirring  cause  no  further 
abeorption  of  oxygen  and  no  further  change  in  weight.  This  fact, 
that  each  substance  limits  itself  of  ite  own  accord  to  combining  with  a 
fixed  proportion  of  the  other  substance,  in  forming  a  given  compound, 
is  one  of  the  most  striking  facts  about  chemical  comtiination.  In 
mixtures,  any  proportions  chosen  by  the  experimenter  may  be  used. 
In  chemical  union,  tlie  experimenter  has  no  choice;  the  proportions 
are  determined  by  the  substances  themselves.  Thus,  100  parte  of 
iron,  when  turning  into  ordinary,  red  rust,  take  up  43  parte  of  oxygen, 
no  more  and  no  less. 

This  fact  enables  us  to  make  our  condensed  statemente  more 
speofic  and  complete  by  includii^  in  them  the  proportions  by  weight 
used  in  the  chemical  change : 

Iron    (100)  +  Oxygen  (43)  ^Ferric  oxide  (143). 
Lead  (100)  +  Own  (7-72)  -^  Oxide  of  lead  (107.72). 

The  following  numbers,  which  represent  the  same  proportions 
by  weight,  are  the  ones  commonly  used  by  chemists : 

Iron  (111.68)  +  Oxygen  (48)  -*  Ferric  oxide  (159.68). 

SumMmy.  —  Thus  far,  we  have  learned  that  chemistry  deals 
with  substances  and  their  physical  properties,  and  with  the  changes 
which  substances  uhdei^o.  We  have  discussed  and  defined  a  number 
of  important  words  expressing  fundamental  chemical  ideas.  Finally, 
we  have  touched  upon  the  weights  of  the  materials  used  in  chemical 
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change,  a  Rubject  of  great,  importance  which  will  be  developed 
further  in  a  later  chapt«r. 

"We  must  now  take  up  four  new  examples  of  chemical  change. 
They  will  aid  us  in  introducing  one  or  two  additional  conceptjons 
and  laws  that  are  continually  used  by  the  chemist,  and  without 
which  we  cannot  be^n  the  systematic  study  of  the  Bcience. 

Another  Cose  of  Combination:  Iron  and  Sulphur.  —  Since 
oxygen  is  an  invisible  gas,  there  \e  a  slight  difficulty  in  realizing  that 
rusting  coMOsts  in  the  union  of  Iwo  substances  —  this  gas  and  a 
metal.  The  present  example  is  less  interesting  historically,  but  it 
is  simpler  because  both  substances  are  visible  and  are  ea^y  handled. 
The  case  of  iron  and  sulphur  will  enable  us  to  illustrate  the  same 
point  of  view  and  to  practice  the  application  of  the  same  technical 
words.  It  will  also  introduce  us  to  two  manip- 
ulations—  filtration  and  evaporation — which 
are  frequently  used  bj-  the  chemist. 

We  begin  by  observing  the  physical  proper- 
ties of  the  two  substances.  Those  of  iron  have 
aIreadybeennoted(pp.3-4).*  Sulphur  is  a  pale- 
yellow  substance  of  low  density  (p.  3),  namely, 
2.  it  is  easily  melted  (m.-p.  112.8°).  It  does 
not  dissolve  in  water —  that  is,  it  does  not  mix 
completely  with  and  disappear  in  water,  as  sugar  does  on  stirring. 
It  does  dissolve  readily  in  carbon  disulpbide,  however  {41  parts:  lOO 
at  18").  It  crystallizes  in  rhombic  forms  (Fig.  8).  It  is  not  at- 
tracted by  a  magnet. 

Study  of  the  Mixture,  before  Combination.  —  Now,  if  some 
iron  filings  and  pulverized  sulphur  are  "stirred  together  in  a  mortar, 
the  result  is  a  mixture.    True,  the  color  is  not  that  of  either  sub- 

•  Referencea  to  previous  paf^  are  used  in  order  to  save  necdlesa  repetition 
in  writing.     The  beginner,  however,  requiivs  endless  repetition  in  his  reading 

and  must  form  Ike  hobil  of  examining,  in  conjunction  with  the  current  text,  the 
parts  referred  to.  The  passages  cited  are,  by  the  reference,  made  part  qf  the 
currenl  leil,  which  will  usually  not  be  clear  without  them.  The  aame  remark 
applies  to  topics  referred  to  by  name.  Such  topics,  if  treated  in  later  pages, 
are  distinguLnlied  by  the  letters  qj\  {ipiod  iirfii  =  which  see),  and  must  be  Bougjit 
in  the  index. 

All  terms,  and  esj>ecially  thoee  borrowed  from  physics,  if  not  perfectly 
faniiliar,  must  be  looked  up  in  a  work  on  physics  or  in  a  dictiouaiy. 
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stftDCe,  but  with  a  lens  [articles  of  both  substances  can  be  seen. 
Paeang  a  magnet  over  the  mixture  will  easily  remove  a  part  of  the 
irao,  and  with  the  help  of  a  lena  and  a  needle  the 
mixture  can  be  jncked  apart,  particle  by  particle, 
ODDipletely.  We  can  Mpuate  the  corrvponetds  of  the 
mKture  more  expeditiously,  however,  by  uninff  ma- 
nipulatioDS  based  upon  certain  mitabla  prapoitlsB. 
Thus,  Bulphur  dissolves  in  carbon  disulphide  while 
iron  does  not.  If,  therefore,  a  part  of  the  mixture 
is  i^aced  in  a  dry  test-tube  along  with  some  carbon 
dinilphide  (fig.  9)  and  is  shaken,  the  liquid  dissolves 
the  sulphur  and  leaves  the  iron.  To  complete  the 
separation,  the  iron  must  be  removed  from  the  liquid 
by  filtration,  and  the  sulphur  recovered  by  evaporation  of  the  car- 
bon disulphide. 

fUtration.  —  Iron,  or  any  solid,  when  mixed  with  a  liquid  or 
solution  Qike  the  solution  of  sulphur  in  carbon  disulphide)  is  stud  to 
be  raowndftd  in  the  liquid.  If  the  solid  is  one  that  settles  rapidly, 
the  liquid  may  be  separated  from  the  solid 
in  a  rough  way  by  pouring  off  as  much  of 
the  clear  liquid  as  possible.     This  is  called 


A  complete  separation  is  best  made  by 

pouring  the  mixture  on  to  a  cone  of  filter 

paper  supported  in  a  glass  funnel  (Fig.  10). 

The  liquid,  together  with  anything  that 

may  be  dissolved  in  it,  runs  through  the 

pores  of  the  paper  and  down  the  hollow 

stem  of  the  funnel.     The  liquid  ia  then 

called  the  flhrato.     The  particles  of  the  su»- 

peiided  solid  are  too  large  to  pass  through 

*^°-  *"■  the  pores,  and  so  collect  on  the  surface  of 

the  filter  paper.     This  operation,  like  everything  the  chemist  does, 

takes  advantage  of  the  phydcal  properties  of  the  various  materials. 

The  material  remainii^  on  the  paper  (the  resldus),  when  dry,  ia 

wholly  attracted  by  a  magnet  and  shows  all  the  other  properties  of 


Evaporation.  —  To  recover  the  sulphur,  the  solution  in  carbon 
disulphide  ^^Be  filtrate  —  is  poured  into  a  porcelaan  evaporatii^ 
dish  (Infliunmable!    Keep  flames  away).    When  the  vessel  is  set 
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aside,  the  liquid  gradually  passes  off  in  vapor  (e-vapor-ates).  The 
aulpbur,  however,  gives  practically  no  vapor  at  room  temperature 
and  remains  as  a  residue  in  tbe  form  of 
crystals  of  rhombic  outline  in  the  bottom 
'  of  the  dish  (Fig.  11).  Here,  again,  phymca] 
properties  have  been  utilized. 

Since  the  phyacal  properties  of  two  sub- 

^'''  "'  stances  are  not  changed  1^  mixing,  we  have 

thus  used  the  properties  of  the  iron  and  sulphur  so  aa  to  separate 

them  once  more.    The  iron  Is  on  the  paper;  the  sulphur  is  in  the 

dish. 

/'  Combination  of  Iron  and  Sulphur.  —  But  iron  and  sulphur 
are  capable  of  combining.  If  wc  alter  the  conditions  by  raising  the 
temperature  of  some  of  the  dry  mixture,  as  we  did  in  causing  lead  to 
rust  rapidly,  chemical  union  sets  in.  When  wc  place  some  of  the 
original  mixture  of  iron  and  sulphur  into  a  clean  t«st-tube  and  warm 
it,  we  soon  notice  a  rather  violent  development  of  heat  taking  place, 
the  contents  begin  to  glow,  and  what  appears  to  be  a  form  of  com- 
bustion spreads  through  the  mass.  The  heating  employetl  at  the 
start  falls  far  short  of  accounting  for  the  much  greater  heat  pro- 
duced. When  these  phenomena  have  ceased,  and  the  t«st-tube  has 
been  allowed  to  cool,  we  find  that  it  now  contains  a  somewhat  porous- 
.  looking,  black  solid.  This  material  is  brittle;  it  is  not  magnetic; 
it  does  not  dissolve  in  carbon  disulphide;  and  close  examination, 
even  under  a  microscope,  does  not  reveal  the  presence  of  different 
kinds  of  matter.  This  substance  is  known  to  chemists  as  ferrous 
sulphide  and,  as  we  see,  its  properties  are  entirely  different  from 
those  of  the  constituents. 

In  this  connection  we  must  not  omit  to  notice  that,  as  in  rusting,  a 
certain  fixed  proportion  will  be  used  in  forming  the  compound.  We 
find  that,  for  7  parts  of  iron,  almost  exactly  4  parts  by  weight  of 
sulphur  are  required.  If  more  iron  is  put  into  the  original  mixture, 
then  some  unused  iron  will  be  found  in  the  mass  after  the  action. 
If  too  much  sulphur  is  employed,  some  may  be  driven  off  aa  vapor 
by  the  heat  and  all  that  remains,  beyond  the  correct  proportion, 
can  be  dissolved  out  of  the  ferrous  sulphide  with  carbon  disulphide. 
The  sulphur  which  has  combined  with  the  iron,  however,  is  no  longer 
present  as  sulphur  —  it  has  no  longer  the  properties  of  sulphur,  and 
therefore  cannot  be  dissolved  out: 

Iron  (55.84)  +  Sulphur  (32.06)  -*  Ferrous  sulphide  (87.0). 

DiailizodbvGoOgle 


(If^'i.'xtiO-     L,, 


CHEMICAL  PHENOMENA  ^  17 

'^Aaather  Illiutration;  Mercuric  Oxide.  —  It  has  long  been 
btown  that  air  rantAins  an  active  and  an  inactive  gas.  The  Chinese 
called  them  yin  and  yart^,  respectively.  Mayow  (1643-1679)  showed 
that  the  ac^xe  gas  caused  rusting,  that  it  was  absorbed  by  paint 
(really  by  the  linseed  oil)  in  "drying,"  that  it  supported  combustion 
d  wood  and  sulphur,  and  that  it  is  necessary  to  life,  being  absorbed 
by  the  blood  from  the  air  entering  the  lungs.  It  was  not  until  later, 
however,  that  a  pure  specimen  of  this  gas  was  obtained,  and  was 
recognised  to  be  a  special  kind  of  gas  different  from 


)  during  the  heating  t ^  . —  „.  p,    ,9. 

mirror  appears  on  the  ddes  of  the  tube.  Apparently 
the  vapor  of  some  metal  is  coming  off  with  the  oxygen  and  con- 
(ioisiDg  on  the  cool  parts  of  the  tube.  As  this  shining  substance 
accumulates  it  b^ces  the  form  of  globules,  which  may  be  scraped 
together.  It  is,  in  fact,  the  metal  mercury,  or  quicksilver.  If  the 
tKftting  continues  long  eiiough,  the  whole  of  the  red  powder  even- 
tually disappears,  and  is  converted  into  these  two  products. 
Mercuric  oxide  (216.6)  -»  Mercury  (200.6)  +  Oxygen  (16) 

The  extensive  nature  of  the  change  in  properties  in  this  case  is  evi- 
dent. It  should  also  be  observed  that  continuous  heating  is  required 
to  m^ntain  this  change  in  operation.  It  differs  markedly  from  the 
iron  and  sulphur  case  in  this  respect.  When  the  flame  is  removed, 
the  ev<dution  of  oxygen  ceases.  The  significance  of  this  will  appear 
aixatij. 

Second  Variety  of  Chemical  Change:    Decomposition. — 

Bayen'a  experiment  introduces  to  us  a  second,  and  very  common 
kind  of  chemical  action.  The  first  variety  was  combination  or 
union  (p.  12).  The  Moond  is  called  dacompositlon.  It  consists 
m  starting  with  a  aliigl«  nibstance  (here  mercuric  oxide)  and  spllt- 
Hat  it  Into  two  (or  more)  BubstanceB,  which  differ  in  properties 
from  the  substance  taken  and  from  one  another.  Here,  the  red 
powder  gave  mercury,  a  liquid  metal,  and  oxygen,  a  colorless  gas. 


18  INORGANIC  CHEMISTRY 

Third  Illustration:  Hydrogen  from  an  Acid.  —  If  some  Bul- 
pburic  acid,  a  liquid,  be  added  to  4-5  timea  it«  own  volume  of  water, 
the  acid  di^olves,  and  dlluts  sulphuric  acid  is  obtained.  When  sine 
is  added  to  the  cold  mixture,  bubbles  of  a  gas  —  hydrogen  —  form 
on  the  surface  of  the  zinc  and,  when  they  become  lai^  enough,  they 
rise  to  the  surface  and  break.  The  gas  bums,  when  set  on  fire,  and 
differs,  therefore,  from  air  and  from  oxygen.  The  nature  of  the 
chemical  chai^  may  be  seen  in  the  foUowii^  abbreviated  state- 
ment: 

Zinc  (65.37)  +  Sulohuric  add  -*  ^inc  sulphate  +  Hydrogai  (2.016) 

Si#hur  (32.06)  Sulphur  (32.06) 

(Wygen  (64.00)  Oxygen  (64.00) 

Hydrogen  (2.016)      Zinc  (66.37) 

If  suffident  zinc  is  used,  the  action  will  cease  when  all  the  add,  often 
called  hydrogen  sulphate,  bae  been  acted  upon.  The  liquid  can 
thus  be  poured  away  from  the  retnunii^  zinc  and  can  be  partly 
evaporated.  The  liquid,  when  cold,  then  deporats  crystals  of  zinc 
sulphate.  This  w  a  colorless  subetance,  soluble  in  water,  and  there- 
fore invisible  imtil  so  much  of  the  water  has  been  driven  off  by  boiling 
that  the  quantity  of  water  which  is  left  is  not  suffident  in  amount  to 
keep  all  the  zinc  sulphate  in  solution. 

This  chemical  change  is  more  complicated  than  are  the  two  pre- 
viously mentioned.  The  hydrogen  leaves  the  sulphuric  add,  and 
goes  free,  while  the  zinc  takes  its  place,  and  combines  with  the  sulphur 
and  oxygen.  The  zinc  is  said  to  diaplwie  the  hydrogen.  Zinc  is 
able  also  to  displace,  and  liberate,  metallic  copper  frtHn  cupric  sul- 
phate solution,  and  several  other  metals  from  their  compounds. 

Third    Variety   qf    Chemical    Change:     Displacement. — 

When  a  Blmpl*  Bubstanco  (here,  the  zinc)  and  a  compound  (here,  ^ 
sulphuric  acid)  lnt«raot,  so  that  another  ilmpls  substance  Is  Mt  free, 
and  the  &nt  simple  subatance  takes  the  place  of  the  second  In  ths 
compound,  the  action  is  called  a  dlaplacement. 

Fourth  niuxtration!   Salt  and  Silver  Nitrate.  —  The  fourth 

illustration  is  taken  purposely  in  order  to  illustrate  the  variety  of 
ways  in  which  chemical  change  may  be  carried  out.  It  is  the  inter- 
action of  silver  nitrate  and  sodium  chloride  (common  salt).  The 
sutfitances  may  be  recognized  by  the  form  of  the  crystals  of  whicli 
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they  conmat.  The  latter  is  compoBed  of  small  cubes  (Fig.  13), 
wfaUe  the  former  presents  a  less  familiar  form  geometrically  (Fig.  14). 
Both  substances  are  capable  of  being  diasolved  in  water  and,  for  this 
eEperiment,  portions  of  each  substance  are  shaken  in  separate 


veasels  with  water,  until  none  of  the  solid  remans.  When  the 
solutions  are  now  poured  together,  we  observe  that  the  clear  liquids 
at  once  become  opaque,  and  that  a  dense  niasa  of  white,  solid  material 
appears  suspended  m  I6e  mixture  (Fig.  15).     Thi?  white  substance 

conasts  of  an  extremely  fine  powder  without  

any  observable  crystalline  form.    We  know  at 

once  that  it  must  represent  a  new  substance, 

since  it  would  not  have  appeared  bod  it  been 

soluble  in  water  like  the  two  materials  from 

which  it  was  made.    We  continue  adding  the 

one  liquid  gradually  to  the  other  until  no  further 

formation  of  this  solid  takes  place,  and  then 

8t<^,     By  filtration  (Fig.   10),  we  obtain  the 

insoluUe   material   (the  prec^tata)'  upon  the 

filter  paper,  aad  the  clear  liquid  (the  filtrato) 

passes   tbrou^   and   is   caught   in   the  vessel  fh>.  le. 

below.  I  - 

We  are  oonfront«d  with  two  posmbilities:  either  both  the  original 
materials  have  come  t<^ether  to  form  one  white  insoluble  material,  or 
some  other  product  (or  products)  may  be  present  in  addition  to  it.  In 
the  latter  case,  s^rch  must  evidently  be  made  in  the  liquid.  By 
evaporating  the  filtrate  in  a  suitable  vessel  (Fig.  11),  we  find  that  the 
second  assumption  represents  the  fact,  for  a  considerable  quantity  of  a 
white  crystalline  substance  remains.  The  homogeneous  character  of 
this  shows  that  there  was  hut  one  product  in  solution,  while  the  same 
property  of  the  precipitate  shows  that  there  are  but  two  products 
altoigether. 

The  insoluble  material  is  composed  of  silver  and  chlorine,  and  it 
k  known  as  alver  chloride.  Like  some  other  compounds  of  silver,  it 
AAAfna  on  exposure  to  Gght,  turning  first  purple  and  then  brown, 
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and  being  decompoaed  by  this  agency  into  its  constituents.  Tbe 
chlorine,  a  gas,  escapes  into  the  air,  and  a  brown  powder  consisting 
of  finely  divided,  metallic  ratver  remans.  The  soluble  solid,  ob- 
tuned  from  the  filtrate,  we  recognize  as  identical  with  a  mineral, 
sodium  nitrate,  which  is  found  in  Chile.  Its  crystals  are  rhombo- 
hedral  (Fig.  69).  They  resemble  cubes  which  have  been  slightly 
distorted  by  pressing  inwank  two  opposite  comers.  This  change 
presents  several  features  which  distinguish  it  from  the  previous  ones: 
it  is  much  more  complex  (see  next  section);  it  takes  place  in  the 
presence  of  water;  it  requires  no  heating  for  its  promotion;  and  the 
change  is  complete  the  instant  the  materials  have  been  mixed,  while 
the  others  required  a  good  deal  of  time  for  their  accomplishment. 

Fourth  Variety  of  Chemical  Change:   Double  -Decompoa' 
tion.  - —  The  last  illustration  may  be  represented  a^  follows,  the 
numbers  showing  the  relative  weights  as  before: 
Silver  nitrate  +  Sodium  chloride  — ♦  Silver  chloride  +  Sodium  nitrate 
Silver  (107.88)  Sodium  (23.00)  Silvrr  (107.88)  Sodium  (23.00) 

Nitrogen  (I4.0»       Chlorine  (35.46)  Chlorine  (35.46)         Nitrogen  (14.01) 

Oxygen  (48.00)  Oxygen  (48.00) 

Here  the  constituents  of  both  of  the  ingredients  become  separated 
(decomposition),  and  the  products  of  this  decomposition  recombined 
cross-wise  (combination).  Thus,  for  example,  the  silver  of  one 
ii^redient  combined  with  the  chlorine  of  the  other.  When  two  som- 
poundi  Intsract,  so  that  each  ipUtB  into  two  parts  (called  radicals), 
and  th«  parta  •zehange  partnsrs  in  rscomblning,  the  action  is  called 
a  doubts  doconqKwitioD. 

F^th  Variety  of  Chemical  Change:  Internat  Rearrange- 
ment. —  When  we  encounter  other  chemical  changes,  we  shall  find 
the  extent  of  the  stride  we  have  taken  in  this  critical  analyds  of  a 
few  examples.  It  will  then  appear  that  the  chemical  changes  of 
matter  are  not  nearly  so  various  in  mechanism  as  we  might  have 
anticipated.  In  fact,  there  art;  few  changes  which  cannot  be  placed 
in  one  of  the  four  above  described  categories.  Those  that  cannot 
be  so  placed  belong  to  a.  fifth  vuiflty  which,  for  the  sake  of  complete- 
ness, may  now  be  mentioned. 

It  occasionally  happens,  especially  in  the  case  of  compounds  of 
carbon  (see  Urea),  that  one  single  kind  of  material  turns  into  another 
single  kind  of  material.  Nothing  is  added  and  nothing  removed,  yet 
the  new  substance  has  different  properties  in  every  respect  from  the 
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old.  Most  of  those  substances  whose  transformation  is  definitely 
assigned  to  this  class  contain  several  constituents,  but  a  rough  notion 
of  tlus  sort  of  chemical  change  may  be  obtained  by  considering  the 
two  forms  of  phosphorus.  One  of  them  is  pale  yellow  in  appearance, 
easily  melted,  and  very  easily  ignited;  the  other  is  red,  does  not  melt 
on  being  heated,  and  is  difficult  to  ignite.  The  latter  is  made  from 
the  former  by  heating  it  continuously  for  some  hours  in  a  closed  ves- 
sel at  about  300°.  As  no  material  is  taken  up,  the  weight  of  the  sub- 
stance is  unchanged,  and  yet,  when  the  vessel  is  opened,  the  connmon 
phosphorus  is  found  to  bave  turned  into  the  red  variety.  Now,  we 
have  seen  that  when  substances  have  different  properties  they  (Uffer 
also  in  their  constituent  materials.  Carrying  out  this  idea,  the 
hypothesis  (or  sugj^tion)  has  been  made  that,  since  here  also  the 
properties  change,  there  must  be  some  readjustment  of  the  material, 
even  in  cases  like  this.  Hence,  we  designate  changes  of  this  kind 
tatamal  r«arrui(eiiMntfl.  The  composition  of  the  materiaJ  is  un- 
altered, so  we  suppose  its  constitution  to  have  become  different. 
If  the  chemists  ever  decide  to  regard  the  change  of  wat«r  into  ice  or 
steam  as  a  chemical  phenomenon,  all  changes  of  state  of  aggregation 
would  be  placed  in  this  fifth  class.  It  is  here  only  that  the  boundary 
between  physics  and  chemistry  is  at  present  difficult  to  define. 

Characteristics  of  Chemical  Change.  —  The  different  vari- 
eties of  chemical  change  can  now  be  tabulated  for  reference: 
1.   Combination  (pp.  12, 16*):  Two  (or  more)  ■ 


2.   Decompoaltion  (p.  17):    One  BUbstance  glvw   two  (or  mora) 


3.  XMspUeoment  (p.  18):    One  simple  substance  and  (me  com- 
poimd  tmbstancQ  elvQ  one  aimple  substance  and  one  compound. 

4.  I>ouble  Decomposltdon  (p.  20) :  Two  compound  substances  give 
two  compounds. 

5.  Internal  rearrangement  (p.  21):  One  substance  gives  one  sub- 
stance. 

The  cbaraeterlstios  of  chemical  cbange,  thus  encountered,  are, 
therefore,  (1)  that  the  change  can  almost  always  be  classified  under 
one  of  the  five  varieties  just  mentioned,  and  (2)  that  each  of  the  sub- 
stances used  or  produced  has-a  distinct  set  of  specific  physical  proper- 
ties of  its  own,  by  means  of  which  it  can  be  recognized. 
"  See  footnote  oq  p.  U. 
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Simple  and  Compound  Substances.  —  If  we  place  before  a 
physicist  samples  of  iron,  ferrous  sulphide,  and  sulphur,  he  will  re- 
port that  there  are  three  absolutely  distinct  evhstances  represented, 
because  they  show  three  different  sets  of  phyacal  properties.  A 
chemist,  on  the  other  hand,  while  admitting  the  accuracy  of  the  re- 
port, in  view  of  the  criterion  used  by  the  physicist,  which  indeed  he 
uses  himself  (ef.  p.  4),  will  insist  on  adding  that  there  are  only  two 
perfectly  distinct  kinds  of  maUer  in  the  set,  because  be  can  make  the 
second  from  matter  furnished  by  the  other  two.  The  same  sharp 
contrast  in  the  points  of  view  arises  when  mercury,  mercuric  oxide, 
and  oxygen,  or  any  similar  set  of  substances,  is  submitted  to  the  same 
two  tribunab.  In  a  sense,  chemistry  reduces  the  kinds  of  different 
matter  to  a  much  smaller  number  than  does  physics  or  any  of  the 
other  sciences,  and  so  it  is  the  final  authority  in  all  questions  involvii^ 
matter.  By  the  chemist,  dozens  of  phy^cally  distinct  substances  are 
regarded  as  closely  related  because  they  all  can  be  made  with  iron, 
or  when  decomposed  give  it;  hundreds  are  alike  in  that  sulphur 
enters  into  their  composition;  thousands  are  compounds  of  oxygen. 
In  fact,  the  number  of  kinds  of  matter  which  are  perfectly  distinct 
in  the  strictly  chemical  point  of  view  is  quite  limited. 

The  conception  contained  in  the  last  statement  was  not  reached 
until  centuries  of  effort  had  been  spent  in  trying  to  make  gold  out  of 
pyrite  (a  shining  yellow  mineral),  or  silver  out  of  lead.  The  first 
to  put  our  modem  view  into  definite  language  was  Lomonossov. 
Later,  and  independently,  it  was  stated  very  clearly  by  Lavoisier  in 
his  Trails  de  Chimie  (1789),  Lomonossov  never  believed  in  phlo^s- 
ton  (p.  9),  although  all  his  contemporaries  did,  and  the  later  inves- 
tigations of  lAvoisier  finally  overthrew  this  absurd  hypothesis  (md 
caused  the  general  acceptance  of  the  view  that  chemical  changes 
involved  only  combination  or  decomposition  of  different  kinds  of 
matter.  His  work  showed,  also,  that  decomposition  had  its  limits. 
Mercuric  oxide  could  be  decomposed  into  mercury  and  oxygen,  but 
no  means  was  found  of  breaking  these  up  in  turn  and  producing  any 
fresh  substances  from  them.  The  kinds  of  matter  compodng  these 
simple  materials  he  named  atem«nti.  The  element  is  to.be  regarded 
as  an  ultimate  chemical  individual  just  as  the  substance  is  the 
physical  individual.  Tba  da&nltion  of  an  elamvnt  is  therefore:  a 
dtstlnct  sp«lM  of  nutttar  whlcb  w«  ara  not  able,  at  will,  to  dttcompOM 
Into,  or  to  main  by  cbsmlcal  union  from,  other  BUbstanoes. 

The  caution  which  prompted  I^avoisicr  to  use,  as  he  did,  the  words 
"  has  not  yei  been,"  was  justified  by  the  fact  that  several  substances, 
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IB  bis  time  regarded  as  elenlentary,  were  afterwards  Bhown  to  be 
oompound.  Thus,  quicklime  was  a  simple  substance  until  Davy,  in 
1808,  prepared  the  metal  Cfdcium  aod  showed  that  quicklime  was  a 
ctttDpound  of  this  metal  with  oxygen.  Hence,  we  do  not  say  that  the 
substances  regarded  as  simple  cannot  be  decomposed,  but  only  that 
they  are  subetances  which  we  "are  not  able"  (at  present)  to  de- 


The  phrase  "at  will"  is  also  important.  Radium  {q.v.*)  cannot 
be  decomposed  at  will,  but  it  undergoes  continuous  "disint^ration," 
[xoducing  the  elements  helium  and  lead.  We  can  ndther  hasten, 
retard,  nor  stop  this  spontaneous  decomposition. 

Recent  discoveries,  showing  that  the  atoms  of  which  elementary 
substances  are  composed  are  made  up  of  different  numbers  of  par- 
ticles of  positive  and  negative  electricity,  have  revived  the  idea  that 
it  may  be  possible  to  make  one  element  out  of  another.  If  this  should 
tie  accomplished,  as  it  soon  ntaybe,  it  may  be  necessary  radically  to 
reviae  the  definition  just  given. 

The  chemist's  work  is,  at  present,  directed  wholly  by  the  thought 
that  the  individual  element  (the  matter),  after  combination,  is  sUU 
present  in  the  compound  in  some  form  which  is  at  least  t^uosi-discrete. 
The  readiness  of  the  element  to  be  r^eased  once  more  under  suitable 
conditions  seems  to  favor  this  point  of  view. 

A  compouiul  is  «  Bubstuic«  which  owd  be  made  by  chemical  com- 
IrinatJon  of,  or  can  be  tfecompoeed  Into,  two  or  man  Bubstancaa. 

Elements.  —  The  word  element  is  used  in  two  senses.  It  is 
applied  to  the  simple  substance.  Thus  we  speak  of  "the  element 
iron,"  meaning  the  metal  iron.  It  is  applied  also  to  the  iron-matter 
contained  in  ferrous  sulphide  or  in  ferric  oxide.  The  reader  should 
note  that  it  is  correct  usage  to  speak  of  the  element  iron  and  the 
dement  sulphur  in  ferrous  sulphide,  but  a  chemist  would  never  say 
that  this  compound  contained  the  simple  svbstances  iron  and  sulphur. 
If  he  did,  we  should  understand  him  to  mean  that  it  was  a  mixture, 
and  we  should  expect  parts  of  the  material  to  be  magnetic  like  iron, 
and  other  parts  to  be  yellow  and  soluble  in  carbon  disulphide,  which 
is  not  the  case.  In  the  same  way  the  name  of  an  element  (such  as 
"iron")  is  applied  both  to  the  material  in  combination  and  to  the 
free  substance.  Thus  "iron"  may  mean  free,  uncombined,  metallic 
iron,  or  iron-matter  in  some  compound.  The  sense  in  which  the 
word  is  employed  must  be  inferred  from  the  context  or  circum- 
•  See  footnote  on  p.  14. 
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stances.  When  a  chemist  speaks,  as  be  sometimes  does,  colloquially, 
of  "iron"  in  a  drinking  water,  for  example,  we  know  at  onoe  that  he 
refers  to  iron  in  the  form  of  some  compound,  for  metallic  iron  does 
not  dissolve  in  water  and,  if  it  did,  would  quickly  turn  into  rust  or 
some  other  form  of  combination. 

The  word  elemant,  then,  means  ons  of  the  simplB  lomu  ol  nuttar, 
elQMr  tn*  or  in  coiabinati<m. 

In  fonnally  describing  a  body  or  specimen,  the  chemist  always 
avoids  the  ambiguity  just  referred  to  by  naming  the  components,  i.e., 
the  substance  or  substances  it  contains.  He  assumes  that  the  nature 
and  constituents  of  these  substances  wiU  be  known  to  anyone  hearing 
or  reading  the  description.  If  he  says  the  body  contains  zinc  and 
sulphur,  it  is  understood  that  the  body  is  a  mixture  of  these  ampte 
substeuicea.  If  it  contains  these  elements  in  combination,  the 
chemist  would  report  that  it  was  sulphide  of  zinc. 

The  Common  Elements.  —  Thousands  of  different  com[>ound 
substances  are  known  but,  when  they  are  decomposed,  it  is  foimd 
that  the  number  of  different  elemerUs  contained  in  them  is  not  great. 
As  we  have  said,  dozens  of  substances  contain  iron,  hundreds  contain 
sulphur,  thousands  contain  oxygen.  In  fa«t,  by  combining  a  limited 
number  of  simple  substances,  two,  three,  or  four  together,  in  varying 
proportions  by  weight,  an  almost  unlimited  number  of  different 
compound  substances  could  be  produced. 

The  list  of  the  elemente  appears  on  the  inside  of  the  cover,  at 
the  end  of  this  book,  and  contains  about  eighty  names.  Of  these, 
a  large  number  are  rare,  and  seldom  encountered.  More  than 
99  per  cent  of  terrestrial  materials  is  made  up  of  eighteen  or  twenty 
elements  and  their  compounds.  Only  about  twenty  elements  occur 
in  nature  in  their  simple,  uncombined  condition.  Three-fourths  of 
the  whole  number  are  found  in  combination  exclusively,  and  must 
be  liberated  by  some  chemical  action. 

Taking  the  atmosphere,  all  terrestrial  waters,  and  the  earth's 
crust,  so  far  aeit  has  been  examined,  F.  W.  Clarke  has  estimated 
the  plentifulness  of  the  various  elements.  The  first  twelve,  with 
the  quantity  of  each  contained  in  one  hundred  parts  of  terrestrial 
matter,  are  as  follows: 

Oxygen 49.85      Calcium 3.18       Hydrogen 0.97 

Silicon 26.03      Sodium 2,33       Titanium 0.41 

Alumimum 7.28      Potassium 2.33       Chlorine 0.20 

Iron 4.12      MagneaiuiD 2.11       Caifoon O.Ifl 
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Thus  osygen  accounts  for  nearly  one-half  of  the  whole  mass.  SilicoB, 
the  oxide  of  which  when  pure  is  quarts  and  in  leas  pure  form  con- 
stitutes the  ordinary  sand,  makes  up  half  of  the  remainder.  Valu- 
able and  useful  elements,  like  gold,  silver,  sulphur,  and  mercury,  are 
among  the  less  [dentiful  which,  all  taken  together,  furnish  the  re- 
irntinmg  one  per  cent. 

Warnings.  —  A  iubituic«  (p.  4)  must  be  defined  by  the  con- 
stancy of  its  physical  properties,  and  not  by  saying  that  it  is  "a  - 
material  of  some  specified,  definite  composition."*  We  know  many 
sets  of  anywhere  from  two  to  a  dozen  or  more  substances  with  the 
very  same  compofntion,  yet  the  members  of  each  set  have  entirely 
different  phyacal  properties,  and  often  are  entirely  different  in 
chemical  behavior.  Thus,  red  and  yellow  phosphorus  are  both 
composed  entirely  of  phosphorus,  yet  differ  markedly  in  physical 
properties.  Again,  urea  and  ammonium  cyanate  have  the  same 
composition,  but  differ  in  phyacal  properties  and,  besides,  belong 
chemically  to  entirely  different  classes  of  substances.  The  first  is 
baMc  in  nature,  the  second  a  salt. 

Again,  a  lubstanco  muat  not  be  defined  as  "a  portion  of  matter," 
for  that  is  the  definition  of  a  body  (p.  7).  A  substance  is  a  variety 
or  species  of  matter,  and  not  any  one  portion  or  specimen,  A  crystal 
of  salt  is.  "a  portion  of  matter,"  and  a  specimen  of  the  substance,  but 
the  phrase  "the  substance  salt"  covers  aU  known  and  unknown 
specimens  of  salt,  and  even  not-yet-existent  specimens  which  may 
be  formed  in  the  future. 

Beware  of  defining  a  compound  Bubatance  (p.  12)  as  beii^  "com- 
posed "of  two  or  more  simple  substance."  That  is  a  definition  of  a 
mixture,  and  such  a  product  would  show  two  or  more  kinds  of  matter 
with  different  properties.  A  compound  substance  contains  only  one 
substance,  and  every  particle  has  the  same  physical  properties  as 
every  other  particle.  A  compound  substance  might  be  defined  as 
"a  substance  composed  of  two  or  more  elements."  This  definition, 
however,  is  academic,  and  gives  no  clew  to  how  a  compound  is  shown 
to  be  such.  Chemistry  is  an  experimental  subject,  and  all  defini- 
tions should  be  stated  in  terms  of  the  experimental  tnetkod  of  dassijy- 
ing  a  given  case,  as  is  done  in  the  definition  given  above  (p.  12). 

*  In  ohHuisky,  the  word  coiiqKMitlon,  when  ^plied  to  a  substance,  refers 
both  to  the  elementa  preeeot  in  the  compound  and  to  the  proportiona  by  wei^t 
in  which  they  aie  present. 
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Sumnuiry.  —  In  the  latter  half  of  this  chapter  we  have  learned: 
(1)  that  phydcal  properties  are  utihzed  in  manipulatioDB,  like  fil- 
tration and  evaporation,  as  well  as  for  identifyii^  substances;  (2) 
that  practically-  all  chemical  changes  can  be  clasdfied  under  one  of 
five  varieties;  (3)  that,  while  there  are  very  many  substances,  there 
is  a  very  limited  number  of  entirely  different  kinds  of  matter  (ele- 
ments). 

Exercises.*  —  1.  Take  one  by  one  the  words  or  phrases  printed 
in  black  type  and  the  titles  of  the  sections  in  this  chapter,  and 
endeavor  to  recollect  what  you  have  read  about  each.  In  each  case 
try,  (a)  to  recall  the  meaning  and  to  state  it  in  your  own  words;  (b) 
to  recall  the  facts  associated  with,  and  the  reasoning  which  led  up  to 
the  point  in  question;  (c)  to  recall  examples  illustratii^  the  concep- 
tion and  to  apply  the  conception  in  detail  to  each  example.  When- 
ever memory  fails  to  ^ve  a  perfectly  clear  report  of  the  matter  in 
hand,  the  text  must  be  read  and  re-read  until  the  essential  point  can 
be  repeated  from  memory. 

Use  the  same  method  in  all  future  chapters.  A  useful  practice 
is  to  employ  a  pencil  as  you  read  and  to  underline  systematically  all 
the  important  facts  and  statements,  and  then  to  go  back  and  apply 
to  each  marked  place  the  process  described  above. 

2.  Define  the  following  terms:  denaty,  tenacity,  melting-point, 
brittleness,  specific  phyacal  property,  pure  body,  vacuum. 

3.  Is  it  logical  to  say  "pure  substance"? 

4.  Why  do  we  decide  that  granite  is  a  nmture  and  iron  a  ouigle 
substance? 

5.  Do  the  statements  in  the  text  indicate  that  idr  is  a  mixture  <a 
a  compound? 

6.  What  weight  of  oxygen  would  be  required  to  turn  25  grams  of 
lead  into  oxide  of  lead? 

7.  Make  a  Ust  of  the  technical  words  we  have  defined,  and  place 
the  definitions  opposite  to  each. 

8.  What  wei^t  of  tin  would  be  contained  in  15  grams  of  oxide 
of  tin? 

9.  If  any  of  the  following  are  mixtures,  mention  the  facta  which 

*  The  exerciwH  ahould  id  til  cases  be  studied  with  minute  cue.  Tb^ 
not  only  serve  aa  teate  to  show  that  the  chapter  has  been  understood,  but  very 
frequently  also  call  attention  to  ideas  which  might  not  be  acquired  from  the  tert 
alone,  or  (as  in  Nm.  11,  12)  assist  in  elucidating  ideas  pven  in  the  text  irtiid^ 
ri-ithout  the  exercises,  might  not  be  fully  grasped. 
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show  them  to  contain  more  than  one  substance :  (a)  muddy  water, 
(b)  an  egg,  (c)  milk,  (d)  a  candle,  (e)  a  cake  of  soap. 

10.  What  are  the  two  most  direct  ways  of  showing  a  substance 
to  be  a  compound?    Illustrate  each. 

11.  If  we  say  that  quicklime  contains  calcium  (p.  23),  do  we 
mean  the  element  or  the  simple  substance  calcium? 

12.  What  physical  properties  are  used,  (a)  in  Bltration,  (b)  in 
evaporation,  (c)  in  the  separation  and  identification  of  the  products 
from  beatii^;  mercuric  oxide  (p.  17)? 

13.  Take  the  chemical  action  on  p.  16,  par.  3,  and  enumerate  the 
physical  properties  of  the  suljstances  kwfore  and  after  the  chemicai 
change. 

14.  Discuss  in  detail  the  experiments  with  zinc  and  sulphuric 
add  (p.  18),  and  with  alver  nitrate  (p.  19),  showing  what  spedfic 
properties  were  used  for  separating  and  identifying  the  products, 
and  how  they  answered  the  purpose.  Which  methods  of  manipu- 
lation were  employed  in  the  second  experiment,  and  which  method 
was  used,  essentially,  in  the  first? 

15.  Define  the  following  terms,  and  find  illustrations  of  each, 
otber  than  those,  given  on  p.  6:  mixture,  physical  component, 
chemical  constituent. 

16.  What  (a)  elements  and  (6)  substances  are  contained  in  an 
aqueous  solution  of  sodium  nitrate?  Would  it  be  correct  to  say 
that  the  simple  substance  oxygen  is  contained  in  it?  What  then 
is  the  difference  in  meaning  between  the  terms  "element  oxygen" 
and  the  "dmple  substance  oxygen"? 

17.  What  explanation  was  ^ven,  (o)  of  the  disappearance  of 
mercuric  oxide  when  heated,  (b)  of  the  absence  of  iron  and  sulphur, 
as  substances,  from  ferrous  sulphide?  Which  of  the  three  kinds  of 
explanation  was  uised  in  each  caae? 
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CHAPTER  II 
nnatOT  ih  chehigal  change,  physics  in  practical 
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Study  of  the  four  typical  chemical  changes  described  in  the  last 
chapter  may  now  be  resumed,  in  order  to  see  whether  anything  further 
of  a  general  nature  is  characteristic  of  such  phenomena. 

Physical  Concontiumta  of  Change  in  Composition.  —  We 

recall  at  once  that  a  prominent  feature  of  the  union  of  iron  and  sulphur 
(p.  16)  was  the  heat  which,  as  shown  by  the  glow  spreading  through 
the  mass,  seemed  to  he  daT«lop«d  after  the  action  was  once  started. 
It  is  found  that  many  chemical  changes  are  like  this  one,  in  exhibiting 
simultaneously  the  production  of  very  perceptible  amounts  of  heat. 
The  burning  of  wood  and  of  coal  are  examples.  On  the  other  hand, 
the  decomposition  of  mercuric  onde,  as  was  pointed  out  (p.  17), 
owed  its  continuance  to  the  persistent  application  of  heat,  and  ceased 
so  soon  as  the  source  of  heat  was  withdrawn.  Here,  apparently, 
bsat  wu  GOBsumad  during  the  progress  of  the  change,  and  the  chemi- 
cal action  was  limited  by  the  amount  of  heat  supplied.  The  pro- 
duetloii  or  connunption  of  beat  may,  therefore,  be  a  feature  of 
chemical  change. 

In  the  iron  and  sulphur  case,  as  in  other  chemical  actions  where 
the  beat  developed  is  great,  light  also  wu  givsn  out.  In  the  last  of 
the  actions,  on  the  other  hand,  we  obtained  a  substance  (silver 
chloride),  which  may  be  liept  for  any  length  of  time  in  the  dark,  but, 
by  the  action  of  sunlight  is  broken  up  into  its  constituents  (p.  19). 
It  would  appear,  therefore,  that  light  may  be  given  out  or  used  in 
connection  with  cheroical  change.  Noting  these  facta  stimulates  us 
to  look  for  other  similar  concomitants  of  change  in  composition. 

If  we  dip  two  wires  from  a  battery  or  dynamo  into  a  solution  of 
nitrate  of  silver  {Fig.  16),  such  as  was  used  in  the  fourth  experiment, 
we  observe  the  instant  production  of  a  coating  of  silver  on  the  nega- 
tive wire.  By  preparing  the  solution  properly  and  allowing  the 
eloctrlcitr  to  flow  through  it  for  a  sufliicient  length  of  time,  all  of 
the  compound  can  be  decomposed  and  all  its  silver  deposited.     It  is 
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needless  to  say  that  this  release  of  the  Eolver  from  chemical  combina- 
tion, and  liberation  of  the  metal  at  the  electrode,  goes  on  only  so  long 
a£  the  current  of  electricity  is  employed,  and  that  electrical  energy  is 
consumed  in  the  process.  Very  many  substances  can  be  decompmed 
in  this  way. 

The  inverse  of  this  is  likewise  familiar.  If  we  place  in  dilute 
sulphuric  acid  a  stick  of  the  metal  zinc  (p.  18),  we  find  that  a  gas 
b  given  oS  rapidly  (Fig.  17),  that  the  rino  gradually  dissolves,  and 
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tbat  a  lai^e  amount  of  beat  is  developed.  A  thermometer  immersed 
in  the  vessel  will  show  that  the  temperature  is  rising.  If  much 
pulverized  zinc  is  used,  the  liquid  may  even  rise  spontaneously  to  the 
boiling-point.  This  form  of  the  action  produces  heat.  If,  however, 
we  attach  the  same  stick  of  zinc  to  a  copper  wire,  and  immerse  it 
and  a  plat«  of  platinum  simultaneously  in  the  acid  (Fig.  18),  then  a 
galvanometer,  with  which  the  wires  are  connected,  shows  at  once 
the  passage  of  a  current  of  electricity  round  the  circuit.  Exactly 
the  same  chemical  change  goes  on  as  before  (p.  18).  The  sole 
difference  is  that  the  gas  appears  to  arise  from  the  surface  of  the 
platinum.  It  is  easy  to  show,  however,  that  the  platinum  by  itself 
is  not  acted  upon  by  dilute  acids,  and,  in  this  case,  undei^oes  no 
change  whatever;  it  serves  simply  as  a  suitable  conductor  for  the 
electricity.    Here,  then,  in  place  of  the  heat  which  the  first  plan 
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produced,  we  get  electrical  enei^.  The  arnmgement  is,  in  fact,  a 
battery-cell,  for  a  battery  is  a  system  in  which  a  chemical  action, 
which  woi^d  otherwise  give  heat,  furnishes  electricity  instead. 
Thusj  «lMttrleal  energy  m^  be  oomnimed  or  produoad  in  connecticm 
with  a  change  in  composition. 


Even  violent  rubbing  in  a  mortar,  in  the  case  of  some  substances, 
can  effect  an  appreciable  amount  of  decomposition  in  a  few  minutes. 
In  this  way  silver  chloride  can  be  separated  into  silver  and  chlorine, 
just  as  by  Ught.  It  is  the  mechanical  energr  which  is  the  a^ent,  and 
part  of  it  is  consumed  in  producing  the  change,  and  only  the  balance 
appears  as  heat.  Conversely,  the  production  of  mechanical  energy,  as 
the  result  of  chemical  change,  is  seen  in  the  behavior  of  explo^ves 
and  in  the  working  of  our  muscles.  Thus,  meCbankal  energy  nutj  b« 
need  up  or  produced  in  chemical  changes. 

Summing  our  experience  up,  we  may  state  that  no  change  in  com- 
poedtion  occurs  without  some  concomitant,  such  as  the  production  or 
consumption  of  heat,  light,  electrical  enei^,  or,  in  some  cases, 
mechanical  energy.  It  must  be  noted  that  these  phenomena  an  >a 
easeaUal  part  of  the  chemical  change,  and  are  as  important  as  is 
the  production  of  new  substances  which  goes  on  at  the  sfune  time. 
We  must,  therefore,  give  attention  to  both. 

Claaaification  of  the  Concomitants  of  Change  in  Compori* 
tion:  Energy.  —  The  problem  of  classifying  (i.e.,  placing  in  a  suit- 
able category)  things  like  heat,  light,  and  electricity  has  occupied 
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much  attention.  They  do  not  poesess  maes.  In  all  chemical  changes, 
cme  of  these  natural  concomitaDte  is  ^ven  out  or  absorbed,  sometimes 
in  great  amount,  yet  in  none  is  any  alteration  in  we^t  observed. 
Nor  may  these  concomitants  be  overlooked,  simply.  A  conception 
is  a  real  thing;  a  religious  belief  may  be  most  real  and  potent.  There 
are  many  thii^  which  are  real,  although  they  are  not  affected  by 
gravitation.     In  the  present  instance  we  reason  as  follows: 

A.  brick  in  motion  is  different  from  a  brick  at  rest.    The  former 
can  do  some  things  that  the  latter  cannot.     Furthermore,  we  can 
easily  make  a  distinction  in  our  minds.     The  brick  can  be  deprived 
of  the  motion  and  be  endowed  with  it  again.    Thus,  we  can  get  the 
idea  of  motion  as  a  separate  conception.     Similarly,  we  observe  that 
a  piece  of  iron  behaves  differently  when  hot,  and  when  cold,  when 
bearing  a  current  of  electricity,  and  when  bearing  none.    We  con- 
ceive then  of  the  brick  or  the  iron  as  having  a  certain  amount  and 
kind  of  matter  which  is  unalterable,  and  &s  havii^  motion,  heat,  or 
electricity  added  to  this  or  removed.     Thus,  we  describe  our  observa- 
tions 1:^  using  two  categories,  one  of  which 
includes  the  various  kinds  of  mattm-,  and 
the  other,  various  things  whose  association 
with  matter  seems  to  be  invariable  and  is 
often  so  conspicuous. 

At  first  sight,  these  concomitants  of 
matter  aeem  to  be  quite  disparate.  But 
a  relation  between  them  can  be  found. 
If  the  heat  of  a  Bunsen  flame  or  of  the 
sun  is  brought  under  a  hot-air  motor  {Fig. 
19)  violent  motion  results.  Again,  if  the 
motor  is  connected  with  a  dynamo,  elec- 
tricity may  be  generated.  Still  again,  if 
the  current  flows  through  an  incandescent 
lamp,  beat  and  light  are  evolved.  Con- 
versely,   when   motion   is   impeded  by  a  "^ 

brake,  heat  appears.  When  a  current  of  electricity  is  run  through 
the  dynamo,  motion  results.  But  the  most  significant  facts  are  still  to 
be  mentioned.  The  heat  absorbed  by  the  motor  is  found  to  be  greater 
when  the  machine  is  permitted  to  move  and  do  work,  than  when 
it  is  not.  Thus,  we  find  that  when  work  is  done  by  the  motor  some 
heat  disappears,  beii^  transformed  into  work.  Similarly,  when  the 
poles  of  the  dynamo  are  properly  connected  and  electricity  is  being 
produced,  and  only  then,  motion  is  used  up.    This  is  shown  by  the 
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effort  required  to  turn  the  armature  under  these  circumatances,  and 
the  ease  with  which  it  is  turned  when  the  circuit  is  open.  So,  with  a 
conductor  like  the  filament  in  the  lamp,  unless  it  oETere  resistance 
to  the  current  and  destroys  a  sufficient  amount  of  electricity,  it 
gives  out  neither  light  nor  heat.  Finally,  motion  gives  no  heat 
unless  the  brake  iB  set,  and  effort  is  then  demanded  to  maintain  the 
motion.  These  experiences  lead  us  to  believe  that  we  have  here  a 
set  of  thii^  which  are  fundamentally  of  the  same  kind,  for  each 
form  can  be  made  from  any  of  the  others.  We  have,  therefore, 
invented  the  conception  of  a  sii^le  thing  of  which  heat,  light,  elec- 
tridty,  and  motion  are  forma,  and  to  it  we  give  the  name  enorgjr: 
•nerer  la  woi^  uul  0T«rr  oUur  thing  which  can  ulas  trom  woA  and  Im 
ooDTArtad  Into  work  (Ostwald). 

Closer  study  shows  that  equal  amounts  of  electrical  or  mechanical 
energy  always  produce  equal  amounts  of  beat.  There  is  never  ob- 
served any  loss  in  transformations  of  energy,  any  more  than  in 
transformations  of  matter.  Hence,  J.  R..  Mayer  (1842),  Colding 
(1843),  and  Helmholtz  (1847)  were  led  independently  to  the  con- 
clusion that  in  a  llinit«d  tyatoni  no  caln  or  Ion  of  rawTKT  is  ,«nr 
obMrrttd.  This  brief  statement  of  the  results  of  many  experiments 
is  called  the  law  of  the  consorvatlon  o<  margy. 

A  current  form  of  this  law,  ncimely,  that  "the  total  amount  of  enei^  in  the 
universe  ia  &  constant  quantity,"  in  open  to  the  same  objection  as  the  coireepcatd- 
ti^y  flamboyimt  form  of  the  Idw  of  conservation  of  maea  criticized  later  (p.  52). 
It  has  a  more  effective  sound  than  the  one  wo  have  given.  Unfortunately,  it 
is  not  only  immensely  in  excess  of  any  statement  that  present  reeulte  of  scientific 
woric  can  justify,  but  is  probably  far  beyond  the  limits  of  poesible  scientific 
obeervatioD.    Scientific  atatementa  of  fact  can  never  err  by  being  too  conservative. 

Matter  and  Energy  as  Concepts,  and  Definitions  of  the 
Latter.  —  The  foregoing  paragraphs  about  energy  bring  up  the  qucMion  of  its 
relation  to  matter.  This  relation  can  be  made  clear  only  by  a  somewhat  elaborate 
diacuanon  of  our  fundamental  oonoeptiims. 

The  only  real,  fiiBt>-hand  knowledge  which  we  poesess,  is  that  of  our  statee  of 
ooDSciousDcsa.  All  else,  consisting,  for  example,  of  the  way  in  which  we  inter- 
pret and  describe  our  experience,  ia  constructed  out  of  o\a  heads,  so  to  speak. 
Now,  we  become  aware  of  pertain  things  which  we  call  sensations,  and  seek  to  con- 
atniet  a  mode  of  correlating  and  describing  them.  Our  uitivcrBsl  habit  is  to  speak 
as  if  they  were  produced  by  something  outside  our  minds,  and  so  we  begin  the 
manufacture  of  an  external  universe.  In  course  of  doing  this,  we  encounter 
some  things  which  seem  to  occupy  no  particular  space,  which  move  from  object 
to  object,  and  poness  no  weight.    One  of  these  affects  out  eye,  <x  a  piece  of 
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chlonde  o(  silver,  for  example,  yet  eect^iee  touch,  and  passes  throui^  glass  almost 
BB  Msily  as  through  a  vacuum.  After  couaJdention  of  our  experience  with  this 
sort  of  thing,  some  of  which  has  been  detailed  above,  we  decide  that  we  shall  posit 
the  exist^ice  of  energy. 

Other  thin^  we  encounter  ^ipeal  to  the  suise  of  touch  and  seem  to  possesB 
Bum  defioitelj  located  qualities,  including  weight.  Another  conception  ia  needed 
to  account  for  these;  ao  we  establish  the  category  d  matter. 

Thus,  we  make  shift  to  describe  our  sensationB  by  the  help  of  these  two  con- 
ttnicts,  much  as  in  analytical  geometry  we  describe  the  location  of  a  point  by 
meanH  of  two  coArtfinates.  Energy  and  matter  are,  therefore,  products  of  thought 
and  not,  primarily,  objective  realities.  In  chemistry,  however,  we  always  speak 
of  them  objectively.  Historically,  the  order  in  which  these  two  concepts  wwe 
named  and  defined  was  the  c^poaite  of  that  in  which  they  atand  Bbave.  Yet 
attempts  to  organise  a  cono^tioo,  corresponding  to  eatagy,  in  response  to  a  need 
of  which  thinkers  were  conscious,  were  not  wanting  before  the  nineteenth  century 
opened.  To  go  no  further  back  than  the  daya  of  phlo^^ton,  we  can  easily  per- 
cdve  a  certain  resemblance  between  this  concept  and  that  of  enei^.  The  idea 
that  heat  was  an  "imponderable"  had  its  origin  much  earlier,  and  ahows  the  ex- 
istence of  the  same  effort  to  find  a  second  fundamental  conc^tion  difFerent  from 
matter. 

There  is  much  confuMon  of  thot^t  in  many  of  the  current  definitions  of 
oiergy.  Porexample,  it  is  often  stud  to  be  "that  which  causes  change  in  matter." 
This  definition  is  not  easy  to  bring  into  harmony  with  common  experience  in 
chemistry.  Thus,  when  heat  ia  appUed  to  mercuric  oxide,  the  change  follows. 
But  with  iron  and  sulphur,  the  union  of  the  two  substancee  is  a  condition  antece- 
dent to.the  evolution  of  heat.  It  ia  as  often  true  that  change  in  matter  cauaee  the 
manifestation  ttf  eaagf  as  the  reverse.  Matter  and  energy  are  on  the  a&me  plane. 
They  are  conoeptiona  used  jcmtly  iir  describing  what  we  observe.  Ndther  is 
seccmdaiy  to  the  other.  We  do  not  consider  any  particular  one  of  the  coordinates 
in  geometry  as  secondary  to  the  other,  or  as  being  affected  by  the  other. 

The  theory  of  chemical  potential  and  of  the  factors  of  energy  {q.v.)  seeks 
once  jaoK  to  ascribe  the  tendency  to  change  (i^ymcal  or  chemical)  in  matter  to 
the  state  of  the  energy  associated  with  it.  It  is,  tberefOTe,  inddentaUy,  so  con- 
structed aa  to  favor  the  deSnition  just  given. 

The  d^nition  that  "matter  is  the  vehicle  of  energy"  is  obviously  just  as  diffi- 
cult to  hajmooize  with  the  above  mode  of  deriving  the  two  conceptions.  One  axia 
is  rtot  spoken  of  as  the  vehicle  of  the  other  in  geometry. 

The  innate  desire  to  reduce  our  distinct  categories  to  the  smallest  possible 
number  may  be  seen  in  the  history  of  this  subject.  The  uicients  sought  the 
amalgamation  of  the  two  by  regarding  heat  and  light  as  imponderable  forms  oS 
rqatier.  It  ia  now  beheved  that  the  one  conception  of  energy  is  sufficient,  and 
that  matter  may  be  put  into  the  same  category  as  being  composed  of  minute 
particles  of  electricity  (positive  charges  and  electrona). 

The  couceptiun  of  ether  was  devised  because  those  of  matter  and  energy  did 
not  suffice  for  the  description  of  all  the  phenomena  of  lig^t.    It  ia  on  the  same 
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plane  with  ma,tter  and  eaergy.  Lord  Kelvin's  effort  to  reduce  the  three  oat«go- 
riea  to  two  (energy  and  ether)  by  asaigning  the  rAle  of  matter  to  vortices  in  the 
ether  is  familiar  to  etucients  of  physics. 

Application  of  the  Conception  cf  Energy  in  Chentiatry.  — 

At  first  «ght  it  looks  as  if  the  statement  that  enet^  is  conserved  is 
not  applicable  in  ciiemistry.  Heat  and  electricity,  for  example,  seem 
to  be  produced  and  consumed,  in  connection  with  changes  in  compo^- 
tioQ,  in  a  mysterious  manner.  We  trace  light  in  an  incandescent 
lamp  back  to  the  electricity,  and  this  in  turn  to  the  mechanical  energy, 
and  this  a^n  to  the  heat  in  the  engine.  But  what  form  of  energy 
gave  the  heat  developed  by  the  combustion  of  the  coal  under  the 
boiler,  or  by  the  union  of  iron  and  sulphur  in  our  illustration  (p.  16)? 
Since  we  do  not  perceive  any  electricity,  light,  heat,  or  motion  in 
the  ori^nal  materials,  and  yet  wish  to  create  an  harmonious  system, 
we  are  bound  to  conceive  of  the  iron  and  the  sulphur,  and  the  coal 
and  the  air,  as  containing  another  form  of  energy,  which  we  call 
ohamical  or  internal  ensrgr.  Similarly,  when  heat  is  used  up  in 
decomposing  mercuric  oxide,  or  light  in  decomposing  silver  chloride, 
we  regard  the  enei^  as  being  stored  in  the  products  of  decom- 
position in  the  form  of  internal  energy. 

The  Actual  Quantities  of  D^erent  Kinds  cf  Energy  which 
may  be  Obtained  from  a  Fixed  Amount  of  One  Kind.  -^  It  will 
render  alt  the  ^ove  clearer  if  we  give  some  numerical  illuBtrations:  A  kilogram 
of  water  after  falling  (in  a  vacuum)  428  meters  (about  one-Gfth  of  a  mile),  under 
gravity,  possesses  428  kilogram-moters  of  mechanical  (kinetie)  energy.  When  the 
motion  is  arrested,  the  energy  of  motion  ia  transformed  into  heat  and  raises  the 
water  one  d^ree  centigrade  in  temperature.  We  describe  this  amount  of  heat 
as  1000  calories  (small);  that  required  to  warm  one  gram  of  water  one  degree 
(at  15*^  bong  called  one  calorie.  A  kil<^ram  of  any  other  falling  material  would 
ffve  the  same  amount  of  heat  (1000  cal.),  although,  of  eourae,  if  its  specific 
heat  were  smaller  than  that  of  water,  the  temperature  to  which  it  would  be  raised 
would  be  higher,  and  iTtce  verta. 

Here  the  actinf;  force  is  the  attraction  of  gravitation,  which  is  a  special  eaae. 
In  absolute  units,  1  g.  falling  1  cm.  generates  enei^  enough  to  do  OSl  ergs  of 
work.    So  that  the  thousand  grams  falling  428  meters  (42,800  cm.)  generates 

1000  X  42,800  X  981  =  42,000,000,000  ergs  of  energy. 

The  erg  b^g  so  small,  we  often  use  the  joule  ( =■  10,000,000  ergs).  Thisamount 
is  the  same  as  4200  joules. 

Now,  any  body  of  the  same  mass,  moving  with  the  same  final  velocity,  how- 
ever set  in  motion,  will  also  possess  the  same  energy  and  ^ve  1000  cal.    Tlw  final 
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velocity  in  the  above  case  is  V2ga.  =  8164  cm.  per  second.  The  enei^  of 
motion  (i  m^)  of  one  thousand  gmns  of  matter  moving  with  this  velocity  is 
=  )  X  1000  X  (9164)*  =  4200  joules,  as  b^ore.  If  the  source  of  mechanical 
eocrgy  were  a  hot-air  motor  (or  an  engine)  of  one  horse-pow^,  then,  since  one 
botBF-power  represents  a  developmeat  of  746  joules  per  second,  the  4200  joules  of 
energy  would  be  produced  in  about  5i  seconds  by  this  means. 

If,  instead  of  being  turned  into  heat,  all  the  £aei^  of  motion  had  been  oon- 
verted  into  electricity,  the  quantity  of  the  latter  would  have  illuminated  a  50- 
watt  tncandencent  lamp  for  S4  seconds  (  =  1,4  minutes).  Such  a  lamp  requires 
50  joules  per  seoond  of  electricity  and,  therefore,  in  84  seoonds  usee  up  the 
50  X  S4  —  4200  joules  of  enei^.  As  an  oigine  ot  1  hore&fwww  produces  this 
amount  of  energy  every  51  seconds,  such  an  engine,  if  name  of  the  energy  wen 
lost,  could  maintain  nearly  15  tamps  of  this  kind. 

finally,  if  the  4200  joules  (rf  electrical  energy  were  iqqilied  to  deoompOBing 
nitrate  o[  silver  in  ordinary  aqueous  fcdution,  it  would  liberate  6}  grams  (about 
i  01.)  of  silver  from  combination. 

Consideratiaru  Connected  %tAth  Internal  Energy:  Free 
Energy.  —  These  conclusions  compel  us,  for  the  sake  of  consisteiicy, 
to  tbbik  of  all  our  materials  as  repoutories  of  energy  aa  well  as  of 
matter,  each  of  these  constituents  \mng  equally  real  and  equally 
important.  A  piece  of  the  substance  known  as  "iron"  must  thus  be 
held'  to  cont^n  so  much  iron  matter  and  so  much  internal  energy. 
So  ferrous  sulphide  contains  sulphur  matter,  iron  matter,  and  internal 
energy.  Thus,  by  a  sub^ance  we  mean  a  distinct  spedes  of  matter, 
simple  or  compound,  with  its  appropriate  proportion  of  internal 
energy.  During  the  progress  of  a  chemical  change,  like  the  union 
of  iron  and  sulphur,  the  chemical  energy  of  the  system  diminishes  and 
heat  is  liberated,  or,  when  arrangements  are  made  for  utilizing  the 
energy,  work  of  some  kind  is  done. 

The  energy  which  becomes  available  as  the  result  of  a  chemical  action,  and 
ia  free  to  be  converted,  aay,  into  electrical  enei^,  is  called  the  tros  eoargy  irf 
the  action.  Now,  it  must  be  noted  that  the  free  enerf^,  measured  by  work  done, 
is  not,  in  general,  the  equivalent  of  the  heat  devdopcd  by  the  natural  progresB  <rf 
the  change.  Often  the  amounts  are  nearly  equivalent,  although  never  absolutely 
BO.  But  frequently  they  are  very  different.  When  the  free  energy  available  for 
oonvM^ou  into  work  is  greater  in  amount  than  the  heat  of  the  reaction,  as  it  often 
is,  tbe  difference  is  taken  up  from  the  heat  of  the  surroundings  during  the  progress 
of  tbe  change,  and  the  vessels  and  objects  in  contact  with  the  interacting  bodies 
become  colder,  llius  phosphonium  chloride  (g.u.)  decomposes  spontaneously 
into  two  gases,  phoephine  and  hydrc^en  chloride,  and  ammonium  carbonate  fpves 
off  ammonia  gas,  while  heat  is  absorbed  in  both  cases.  Work  can  be  done  by 
hath  these  actions,  altbou^  so  far  as  heat  is  concerned,  not  only  is  none  of  tlu 
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form  of  energy  liberated,  but  a  certain  amount  of  it  is  absoifoed.  ConTendy, 
when  the  heat  of  reaction  is  greater  than  the  equivalent  of  the  free  energy,  then, 
alcmg  with  the  energy  which  would  be  used  to  do  work  (for  example,  by  employing 
the  action  as  a  source  irf  electricity),  a  certain  amount  of  heat  which  cannot  be 
tnin^onned  into  work  will  be  given  to  the  BUrroundingB.  It  thus  ^pears  that  the 
Bubatancee  which  we  handle  are  not  only  repoaitoriea  of  energy,  but,  when  brought 
togetho',  also  play  the  part  of  machinee  for  truiaforminft  energjr  which  they  take 
ttom  or  give  to  the  surrounding. 

The  Third  Characteristic  of  Chemical  Change.  —  Id  the 

course  of  this  discussion  it  has  become  clear  that  it  is  a  characteristJc 
of  a  chemical  change  that,  besidea  a  change  in  that  state  of  the 
matter,  than  la  alwajB  an  alt«rfttioii  in  tha  amount  of  intomal  onerfy 
in  the  B^stanL  This  altoration  Involvea  tha  production  of  lnt«mal 
annfj  from,  or  tha  tnuufoimfttion  of  Intwnal  enargy  into,  loms  othar 
form  of  enenfy. 

Exothermal  and  Endotherjnal  Changes.  —  The  enei^  lib- 
erated in  a  chemical  action  appears  most  commonly  in  the  form  of 
heat.  Changes  which,  like  the  union  of  iron  and  sulphur  (p.  16),  are 
accompanied  by  the  liberation  of  heat  are  called  exothermal  actions. 
Those  in  connection  with  which  heat  is  absorbed,  like  the  decom- 
position of  mercuric  oxide  (p.  17),  are  known  as  andothomutL 

It  should  be  noted  here  that  neither  the  production  nor  the  ab- 
sorption of  heat  IB  an  exclusive  mark  of  chemical  change.  Phymca! 
ohangee  are  all  hkewise  accompanied  by  the  liberation  or  consumption 
of  enet^.  Thus,  water,  in  evaporating,  absorbs  heat,  and  liquids 
on  solidifying,  or  often  even  when  amply  mixed  with  other  liquids, 
^ve  out  heat. 

Practical  Importance  qf  Energy  in  Chemical  Change.  — 

The  absorption  or  liberation  oJ  energy  accompanying  a  chemical 
transformation  of  matter  is  often,  of  the  two,  the  more  important  fea- 
ture. We  do  not  bum  coal  in  order  to  manufacture  carbon  dioxide 
gas.  We  are  glad  to  get  rid  of  the  material  product  through  the 
chimney.  It  is  the  heat  we  want.  We  do  not  employ  zinc  in  bat- 
teries with  the  object  of  making  zinc  chloride  or  zinc  sulphate.  So  we 
use  the  electrical  energy,  and  throw  the  material  products  away 
when  we  refill  the  battery  jars.  It  is  the  same  with  burning  illuiui- 
nating  gas  or  magnesium  powder  when  we  want  light,  and  with  eating 
food,  which  we  do,  chiefly,  to  get  energy  to  sustain  our  activity.  We 
do  not  nm  electricity  for  hours  into  a  storage  battery  in  order  td  make 
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a  particular  compound  Gead  dioxide,  for  example),  but  in  order  to 
save  and  store  the  energy  for  future  use.  In  industry  and  life,  fully 
half  the  total  amount  of  chemical  change  involved,  is  set  in  motion 
by  uB,  solely  on  accoimt  of  the  enei^  changes  it  involves. 

As  will  be  seen  in  the  following  section,  observation  of  the  amount 
of  the  energy  absorbed  or  liberated  in  chemical  changes  is  also  of 
the  greatest  importance  in  the  aderUifie  study  of  chemical  phenomena. 

Chemical  Activity.  —  Other  thin^  being  equal,  actions  in  which 
there  is  a  relatively  large  loss  of  internal  energy  and,  therefore, 
uflually,  a  considerable  liberation  of  heat  or  electrical  eneigy,  proceed 
rapidly;  that  is  to  say,  in  them  a  targe  proportion  of  the  material  is 
changed  in  the  unit  of  time.  Those  in  which  less  free  energy  is 
transformed  proceed,  in  general,  more  slowly.  The  speed  of  the 
chemical  change,  and  the  quantity  of  energy  available  because  of  it, 
are  closely  related.  Now,  we  are  accustomed  to  speak  of  materials 
which,  like  iron  and  sulphur,  interact  rapidly  and  with  liberation  of 
much  energy  as  "  chemically  active."  Thus,  relatiTe  chemical  activ- 
Ut  may  be  estimated: 

1.  By  otwerrlnc  th«  spood  of  a  cbance  (see  Speed  of  chemical 
actions),  or,  in  many  cases, 

2.  By  meuurlng  tbo  hMt  dBveloped  in  the  course  of  the  action 
(see  Thermochemistry),  or, 

3.  By  MO«rt«lning  th«  oloctromotiTo  forta  at  the  eurrent  the 
ehancv  gitw,  when  arranged  in  the  form  of  a  battery-cell  (see  Electro- 
motive  chemistry). 

These  ilifferent  methods  will  be  discussed  in  later  sections.  It 
should  be  noted  here,  however,  that  the  speed  of  a  given  action  may 
be  enormously  aGFected  by  conditions  (see,  for  example,  Catalysis), 
and  that,  therefore,  great  caution  is  required  in  inferring  relative 
~activTtiee  from  observed  differences  in  the  speeds  of  several  actions. 
Thermal  measurements  are  also  often  misleading.  This  is  evident 
from  the  fact  that  an  action  may  be  able  to  do  work,  even  altbot^h 
heat  Clergy  is  absorbed  during  its  prepress.  Thus,  phoepbonium 
chloride  {q.P.)  decomposes  of  its  own  accord  into  phoepbine  and 
hydrogen  chloride,  although  it  absorbs  heat  from  surrounding  ob- 
jects in  doing  so.  The  electrical  method  of  meesurlng  the  available 
(tree)  energy,  and  theret<n:e  the  true  affinity,  la  In  general  the  moet 
tnutworthy. 

It  is  evident  tiiat  the  chemical  activity  of  a  given  substance  will 
not  be  the  same  towards  all  others.    Thus,  iron  unites  much  more 
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vigorously  with  chlorine  than  with  sulphur  and,  with  identical 
amounts  of  iron,  more  heat  is  liberated  in  the  former  case  than  in  the 
latter.  With  silver,  sodium,  and  many  other  substances,  iron  does 
not  unite  at  all.  One  of  the  ta^ks  of  the  chemist  is  to  make  such 
comparisons  as  this  (see  Specific  chemical  properties,  p.  86).  Evi- 
dently, the  substances  containing  the  most  iatemal  enei^  will  be 
in  general  the  most  active. 

The  "  Cause  "  of  Chemical  Activity.  —  The  reader  will  un- 
doubtedly be  inclined  to  inquire  whether  we  can  asmgn  any  cause  for 
the  tendency  which  substances  have  to  undergo  chemical  change. 
Why  do  iron  and  sulphur  unite  to  form  ferrous  sulphide,  while  other 
pairs  of  elements  taken  at  random  will  frequently  be  found  to  have 
no  effect  upon  one  another  under  any  circumstances?  This  question 
is  so  likely  to  occur  to  the  reader  that  it  should  be  dealt  with  at  once. 
The  answer  is  that  we  do  not  know.  Questions  like  this  have  to  go 
without  answer  in  all  sciences.  What  is  the  cause  of  gravitation? 
We  know  the  facts  which  are  associated  with  the  word  —  the  fact 
that  bodies  fall  towards  the  earth,  for  example  —  but  why  they  fall 
we  are  unable  to  say.  So,  with  chemical  change,  we  can  state  all  the  - 
facts  we  know  about  it,  that  is,  we  can  tell  how  the  change  takes 
place,  but  even  then  we  cannot  say  why  it  takes  place. 

The  w<H^ls  "affinity"  and  "attraction"  are  eametimes  advaooed  aa  if  they 
supplied  aotm  explanation  of  chemical  activity.  Now,  we  have  seen  that  an 
explanation  in  science  (p.  10)  is  a  description  of  the  details  o[  some  pioce»,  either 
in  terms  of  known  facts,  or  by  the  use  of  some  imaginary  but  ptausibje  and  help- 
ful machinery.  Here  no  facta  are  known.  Even  imaginary  machinery  has  not 
yet  been  conceived  by  any  one.  So  that  these  terms  are  words  simply,  and  do 
not  meet  either  of  the  conditions  required  of  an  explanation.  They  are  names 
for  "the  tendency  to  undergo  cheniical  change,"  and  that  ia  all. 

All  nouns,  such  as  table  or  book,  arc  general  terms  applicable  to  m»iy  m<»« 
or  less  various  individuals.  Some  special  nouns  are  used  in  chemistry.  For  ex- 
ample, affinity  names  the  tendency  to  undergo  chemical  change,  and  distinguishes 
this  tendency  by  name  from  cohmion,  or  the  tendency  to  imite  physicall^^.  Co- 
Udysii  names  a  kind  of  chemical  change  in  which  some  specitic  substance  must 
be  present,  and  influences  the  other  substances  by  contact  with  them,  yet  itself 
undergoes  no  change.  Dissociation  names  the  kind  of  chemical  change  in  which 
decomposition  occurs  with  rise  in  temperature,  and  recombination  when  the 
temperature  falls.  But  none  of  these  terms,  as  such,  is  an  explanation.  It  does 
not  explain  the  concussion  of  two  railway  trains  to  name  it  a  collision. 

Of  course,  if  we  have  some  genuine  explanation,  applicable  to  all  the  other 
known  cases  of  a  class,  any  newly  discovered  example  falls  heir  at  ooce  to  this 

_     t'.oosic 


ENERGY  IN  CHEMICAL  CHANGE  39 

e:q>luiation.  This  would  be  true  of  a  duDociation,  n^re  the  kinetic  theory  utd 
the  law  of  maeB  action  deecribe  the  details  of  all  such  phenomena.  Here  the  ex- 
planation hea,  not  in  the  name,  but  in  the  knowledge  we  have  of  other  instanoee 
(tf  the  same  behavior.  The  name,  of  course,  euggesta  the  whole  theory,  if  such  a 
theory  exieta.  But  with  affinity,  or  the  tendency  to  enter  into  (^mical  action,  we 
have  no  theory  for  any  oF  the  samples  of  the  claaa.  We  are  entirely  ignorant  as 
yet  of  the  details  of  its  mode  of  operation,  equally  so  in  evtsry  case,  and,  in  fact, 
know  nothing  at  all  about  it  save  that  affinity  eidsts  and  that  we  can  measure  its 
intensity.    So  the  name  cannot  remind  us  of  any  explanation,  for  none  has  been 


Ah  words,  the  best  one  con  say  of  them  is  that  they  are  rather  unfortunatdy 
chosen.  Afiinity  suggests  kinship,  sympathy,  or  afTcctton.  But  the  si^gestion 
that  such  human  emotions  control  the  behavior  of  iron  and  sulphur  is  too  wild 
and  too  remote  from  comnion  sense  to  furnish  any  sssiatance.  Attraction  hints 
at  some  prefedsting  bond  of  a  material  kind  which  draws  the  substances  together, 
for  we  cannot  conceive  of  action  at  a  distance  without  some  intervening  medium 
of  communication.  But  we  have  no  other  evidence  of  the  existence  of  an  instan- 
taneously adjustable  harness  capable  of  drawing  materials  into  chemical  action. 
It  is  harder  to  reduce  this  idea  to  comprehensible  shape  than  to  do  without  it. 

U  we  are  still  inclined  to  think  that  these  are  more  than  class-werds,  and 
do  saggpet  some  explanation,  we  have  only  to  carry  the  same  idea  further  to 
.be  landed  in  absurdity.  Using  similarly  crude  analogies,  we  might  suppose  that 
the  etcments  were  guided  by  scent,  hke  dogs,  or  by  sight,  like  birds,  or  by  feeling, 
like  fish,  and  so  on  ad  infinitum,  and  forget  that  Uie  fact  itself  was  after  fdl  much 
Hm|rier  than  the  explanation.    Affinity  is  simply  a  fanciful  name  for  a  real  thing. 

*'  Cause  "  in  Science.  —  The  word  "  cause "  was  employed  in 
the  heading  of  the  last  section,  and  it  will  be  observed  that  no  cause 
was  found.  This  is  the  invariable  rule  in  physical  or  chemical 
phenomena.  We  know  of  no  causes,  in  the  sense  in  which, the  word 
is  commonly  employed. 

The  word  cause  has  only  one  definite  use  in  science.  When  we 
find  that  thorough  incorporation  of  the  three  materials  is  needed  to 
secure  good  gunpowder,  we  say  that  the  intimate  mixing  is  a  cause  of 
its  being  highly  explosive.  By  this  we  simply  mean  that  intimate 
mixture  is  a  necessary  aniecederU  of  the  result.  A  caUM  is  s  conditton 
or  occuiToncs  which  alwayi  procwl«  another  condition  or  ocGurrmc*. 

Misuse  of  the  word  "cause"  is  frequent.  The  law  of  gravitation  is  not  tlte 
cause  ti  the  behavior  of  falling  bodies.  It  is  mmply  a  condensed  narration  of  the 
bets  about  filing  bodies,  and  was  mode  long  after  the  first  bodies  fell.  Affinity, 
or  the  tendency  to  interact  chemically,  is  the  imagined  antecedent  of  chemical 
change.  Such  causes,  if  we  doll  them  caueea  at  all,  are  invented  by  way  of  supply- 
ing antecedents  to  things  that  appear  to  lack  them,  that  our  sense  of  symmetry 
may  be  satisfied  withal,    lliey  are  occasionally  useful.    But  the  lees  fiction  we 
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'empk^  in  the  eaeaoB,  the  less  will  be  the  danger  that  the  student  will  mistake 
fictiooB  for  facte,  or  even  fall  under  the  dehuion  that  it  ia  a  habit  of  science  to 
speiad  more  thought  in  making  gratuitoua  aasumptiona  than  in  ascertaining  facte. 

Physics-  in  Practical  Chemistry 

Liat  of  Important  Specific  Physical  Properties.  —  We  have 
Been  that,  to  the  chemist,  knowing  the  phyeical  properties  of  all  sub- 
stances is  very  important.  By  means  of  the  properties,  he  recognizes 
and  describes  all  the  bodies  he  studies.  It  may  be  well,  therefore, 
here  to  ipvc  a  llat  of  the  mors  Important  proportln,  moBt  of  which 
have  been  mentioned  in  connection  with  the  illustrations  we  have 
used. 

In  the  case  of  stdida,  the  chief  phy^cfd  properties  the  chemist 
uses  are:  oolor,  odor,  crTstalUiie  form,  hardiwa  (Appendix  II), 
BolubiUtr  or  Qon-Bolubllity  in  water  and  occa^onally  other  liquids, 
the  temperature  at  which  the  substance  melts  (mdtinf-pcdnt),  the 
density,  and  the  conductivity  for  electrieits'. 

In  the  case  of  liquids,  he  notes  the  temperature  at  which  the 
Uquid  boils  (boillnc-point),  the  density,  the  moblUty,  the  odor,  and 
the  color. 

Fin^y,  in  the  case  of  gases,  the  properties  commonly  mentioned 
are  the  color,  tute,  and  odor,  the  density,  the  solubility  in  water, 
and  the  ease  or  difficulty  with  which  the  gas  can  be  liquefied  (see 
critical  temperature). 

For  example,  sulpbur  is  yellow,  has  little  odor,  crystallizes  in  the 
rhombic  system,  has  a  hardness  of  2.5  on  a  scale  of  ten,  has  the 
m.-p.  112,8°  C,  ia  not  perceptibly  soluble  in  water  but  dissolves  in 
carbon  disulphide  (41  parts  :  100  at  18°),  has  the  b.-p.  444.7°  C, 
the  sp-  gr.  2,  and  is  a  very  poor  conductor. 

Shght  variationH  from  the  standard  properties  of  the  substance  usually  indi- 
cate the  presence  of  an  impurity  homogeneously  incorporated.  The  pre<nse  ways 
in  which  properties  are  affected  in  such  cases  will  be  noted  imder  solutions. 

The  "aubatance"  will  be  seen  to  be  of  an  o6s(rac(  nature.  It  ia  a  conception 
built  up  by  selecting  (or  abstracting)  the  properties  common  to  tJl  specimens. 
Hence  we  ctanified  chemiatry  as  an  abstract-'Concrete  science  (p.  2).  The  bodies 
under  observation  are  concrete,  the  dasaificalum  of  the  reavlte  is  under  conceptions 
of  an  abstract  nature  like  this  one. 

Attributes  and  Conditions,  —  There  are  other  qualities  which 
a  body  may  possess  that  we  are  likely  to  confuse  with  the  specific 
properties.    Thus,  the  weight  of  a  piece  of  sulphur  is  not  a  property 
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oi  sulphur.  A  hundred  pieces  of  as  many  different  substances  n%ht 
all  have  the  same  weight,  so  that  a  particular  we^bt  (say  2  grams) 
is  not  a  property  of  any  one  species  of  matter.  Weight,  «lmmt\au, 
and  Tolunu  are  atMbutea  of  a  bodr-  They  have  different  values 
for  different  bodies,  even  when  those  bodies  are  all  composed  of  the 
same  substance.  The  attributes  are  physical  in  nature.  They  are 
of  great  importance  in  chemistry,  however,  because  tlMjr  afltwd  the 
onlr  means  m  have  cS  measuiiiiff  (iiuntitiee  ot  matter. 

There  are  still  other  qualities  which  a  body  (or  specimen  of 
matter)  may  possess.  It  has,  for  example,  a  cert^u  t 
prewure  (state  of  compres^on),  moUon,  kind  of  illui 
aleetarte  oharg*)  and  it  may  be  la  solution  in  some  hquid.  A  body 
may  change  in  temperature,  pressure,  or  state  of  electtification,  or 
it  may  be  dissolved  in  water,  or  be  recovered  by  evaporation  of  the 
liquid,  and  yet  be  the  same  specimen.  A  hundred  specimens  of  as 
many  different  substances  may  all  have  the  same  temperature  — 
this  is  not  a  specific  property.  These  are  spoken  of  as  condltlona. 
They  are  phydoal  conditions.  In  chemistry,  conditions  are  often 
altered  in  order  to  bring  about,  or  to  stop  chemical  change,  or  to 
modify  the  speed  with  which  it  takes  place.  Thus  we  heated  the 
lead  (raised  its  temperature)  in  order  to  hasten  the  process  of  rustii^. 
If  a  substance,  or  mixture,  is  capable  of  undergoing  chemical  change, 
then  the  change  is  always  hastened  by  raising  the  temperature,  and 
is  always  delayed  or  prevented  by  lowering  the  temperature.  Simi- 
larly, changing  the  pressure  of  gas,  or  dissolving  a  substance  in  some 
liquid,  frequently  hastens  or  delays  a  chemical  change  in  which  the 
substance  takes  part.  Ag^n,  silver  chloride  decomposed  when 
illuminated,  but  not  in  the  dark.  The  proper  physical  conditions 
are,  therefore,  conadered  in  connection  with  every  chemical  operation. 
Gondltloiu  ere  uied  to  produce,    modify,  or  control  chemical  chance. 

Since  the  denMty  of  a  substance  changes  with  the  temperature, 
we  must  define  the  density  as  the  weight  of  1  c.c.  at  4°  C,  or  some 
other  temperaiwe.  We  must  mention  also  the  pressure,  particularly 
in  the  case  of  gases,  and  even  in  the  cases  of  liquids  and  solids  if  it 
differs  from  one  atmosphere.  Again,  the  melting-point  is  the  tem- 
perature at  which  the  substance  melts  at  one  atmosphere  pressure. 
Thus,  the  eondltioni  are  lued  also  In  defining  the  tpeciflc  pbyaicel 
propwtieB. 

Wh^i  the  word  "propertiea"  ie  used  in  epeakiDg  of  a  substance,  we  always 
refer  to  the  specific  properties  only,  for  a  substance  is  by  definition  the  bearer  of 
QOthing  but  ctmetant,  that  is,  unchangeable  qualitiee.    The  wdght  and  volume, 
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the  tempereture  and  preesaie,  are  varUble,  and  they  do  not  enter  into  the  cod* 
ceptKHi  of  the  substance.  'Riis  distinction  seta  the  abstract  nature  of  the  "eub- 
stance"  in  hi^  relief. 

Methods  o/  Work  and  Observation  in  Chemistry.  —  It  ia 

not  the  end  of  chemical  work  to  make  generalizations  or  laws  (pp.  6, 11, 
etc.),  or  conceptions,  like  those  dealt  with  in  the  preceding  para- 
graph. These  are  ^mply  the  means  by  the  help  of  which  chemical 
work,  whether  it  be  invest^tion,  commercial  analy^s,  or  manu- 
facturing, may  be  carried  on  more  systematically.  Together  they 
constitute  our  system  for  classifying  the  facts  with  a  view  to  ready 
reference.  The  sample  experiments  (pp.  12-21),  if  reexfunined, 
will  show  that  we  there  employed  most  of  the  categories  of  our 
classification  which  have  so  far  been  described. 

Thus,  in  the  experiment  with  iron  and  sulphur  (p.  14),  it  was  first 
our  object  to  find  out  whether  the  bodies  had  interacted  chemically 
on  being  mixed.  To  do  this  we  noted  the  specific  properties  (p.  3*) 
of  the  substances,  separately.  Using  these  properties,  we  were  able 
to  identic  the  same  substances  in  the  mixture,  and  in  this  we  found 
no  substance  with  new  properties.  Part  dissolved  in  carbon  disul- 
phide  and  reappeared  aEter  evaporation  of  the  solvent  as  yellow, 
rhombic  crystals,  and  the  rest  was  all  magnetic.  In  this  connection 
we  purposely  omitted  all  mention  of  the  quantity  and  temperature, 
because  attributes  (p.  41)  like  the  former  and  conditions  (p.  41)  like 
the  latter  do  not  characterize  substances  (»nce  they  vary  with  each 
specimen),  and  cannot  be  used  for  identification.  Coincidence  in 
two  or  three  specific  properties  ia  generally  sufficient  to  estabHsh 
identity. 

Most  of  the  properties  cannot  be  recognized  readily  in  misiures, 
as  a  moment's  thought  will  show.  The  general  color  and  the  specific 
gravity  of  a  mi5dure,  contfuning  unknown  substances  in  unknown 
proportions,  for  example,  tell  us  Uttle  about  the  corresponding 
properties  of  the  components.  Now,  there  are  few  pure  substances 
in  nature  or  in  the  producte  of  experiment,  and  many  mixtures. 
Hence,  separatloii  of  the  components  of  a  mixture  usually  of  neces* 
sity  precedes  the  process  of  identification  just  referred  to.  Thus,  we 
first  removed  the  sulphur  by  dissolving  it  and  then  recovered  it  by 
evaporation  of  the  solvent,  the  bmling-poiTit  of  the  carbon  disulphide 
{46°)  beii^  much  lower  than  that  of  the  sulphur  (445°)  and  its 
vapor  pressure,  by  virtue  of  which  it  evaporated  at  the  temperature 
•  See  footnote  on  p.  14. 
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of  the  room,  beii^  therefore  relatively  high.  We  secured  the  iron 
because  of  its  insolvbiiUy.  '  Those  specific  properties  which  can  be 
used  for  separating  mixtures,  as  well  as  for  ide^ntification,  are  there- 
fore the  most  important  of  all.  They  are  the  melting-point,  solu- 
bility, boiling-point,  specific  gravity,  and  magnetic  qualities,  the  last 
being  applicable  almost  exclusively  to  iron,  however. 


In  connection  with  this  investigation  we  employed  several  of 
the  common  methods  of  uuuilpuUtion  used  by  the  chemist.  These 
methods  are  derived  from  the  conceptions  described  in  last  paragraph. 
Thus  we  tTMtMd  th«  miztun  with  »  solvent  (Fig.  9),  on  the  assump- 
tion that  if  it  was  heterogeneous  (p.  7)  the  components  would  each 
behave  as  if  alone  present.  We  then  fllterul,  a  method  invented  for 
dealing  with  a  heterogeneous  mixture  consisting  of  a  solid  and  a  liquid. 
Dwantatlon  is  often  used  in  such  cases,  when  the  solid  is  specifically 
much  heavier  than  the  solvent  and  settles  readily.  We  allowed  the 
carbon  dlsulphide  to  evaporate  spontaneously,  and  this  is  our  favor- 
ite method  of  dealing  with  a  mixture  which  is  homogeneous,  and 
therefore  would  run  through  a  filter  as  a  whole  without  suffering 
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aeparation.  Wben  the  liquid  has  a  higher  boiling-point  than  50-60° 
C,  aa  water  has,  we  use  heat  from  a  steam-bath  or  Bunsen  flame  to 
promote  the  evaporation.  In  evaporation  we  allow  the  vapor  of  the 
Hquid  to  escape,  because  it  is  the  less  volatile,  dissolved  body  that  we 
wish  to  examine.  When  we  deaire,  on  the  contrary,  to  examine  the 
liquid,  the  vapor  must  be  condensed.  This  method,  which  we  have 
not  yet  had  occaaon  formally  (see  Exercise  5)  to  employ,  is  called 
dlfUlUtim  (Fig.  20) .  The  jacket  round  the  loi^  tube  is  filled  with  a 
stream  of  odA  water,  which,  on  account  of  its  high  spedfic  beat, 
quickly  gooIb  and  condenses  the  vapor.  The  resulting  liquid  is 
caught  in  a  Qaak. 

These  methods  may  be  adapted  to  the  investigation  of  any  ^milv 
problem.  Thus,  gunpowder  is  made  by  the  intimate  mixii^  of  sul- 
phur, charcoal,  and  saltpeter  (potaaaum  nitrate).  If  no  chemical 
interaction  whatever  has  occurred,  a  sample  will  be  wholly  separable 
into  these  components.  If  a  partiSl  change  has  taken  place,  a  certain 
amount  of  material  with  different  properties  will  be  discovered  in  the 
mixture.  If  the  change  has  been  complete,  no  portion  of  the  ori^nal 
substances  will  be  found.  We  must  first  study  the  specific  properties 
of  each  c^  the  ingredients  separately,  in  order  tbat  a  plan  of  sepa- 
ration may  be  devised,  and  that  we  may  have  a  haaa  for  comparison 
with  the  iMwlucts  of  the  separation. 

It  should  be  noted  that  our  methods  of  investigating  the  products 
of  nature  and  of  the  laboratory  are  purposely  limited  so  as  not  to 
separate  chemically  combined,  but  only  phyacally  mixed  forms  of 
matter.  After  a  fiiysical  individual  has  been  isolated,  and  even  then 
only  if  it  has  new  properties,  and  is  not  at  once  recognized  as  a  known 
substance,  we  next  proceed  to  separate  it  into  its  chemical  constit- 
uents 90  as  to  learn  which  constituents  it  contains  and  in  what 
relative  proporti(His  by  weight. 

The  experiments  with  mercuric  oxide  and  with  alver  nitrate 
simply  rang  the  changes  on  the  same  conceptions,  and  repeated  the 
same  manipulations.  In  every  case  the  specific  properties  —  color, 
crystalline  form,  volatility,  solubility,  and  so  forth  —  by  which  sepa- 
ration and  rec<%nition  were  effected  will  be  found  to  have  beat 
mentioned.  When  we  heat  the  mercuric  oxide  (p.  17),*  it  is  resolved 
into  its  constituents.  We  selected  the  experiment  because  the  con- 
ditions are  such  that  separation  of  the  products  from  each  other  and 
from  the  ori^nal  material  occurs  spontaneously,  without  further 
manipulation.  The  separation  depends  here  on  the  boiling-pcuuta 
*  See  footnote  on  p.  14. 
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of  the  materials.  That  of  oxygen  is  very  low  (—183"  C);  so  that, 
b^ng  a  gas  even  at  ordinary  temperaturee,  it  comes  off.  That  of 
mercury  is  much  higher  (357°  C),  but  the  heat  produced  by  the 
Same  (1000°-1200°  C.  in  the  bottom  of  the  testr-tube)  is  more  thui 
sufficient  to  vaporize  this  product  also.  The  speedy  condensation 
on  the  cooler  part  of  the  tube,  causing  separatum  of  the  two  products, 
is  due  to  the  wide  difference  in  bmlin^points.  The  part  of  the 
mercuric  oxide  which  is  still  unchanged,  on  the  other  hand,  is  entirely 
involatile  even  at  1200°  C;  so  that  it  does  not  mingle  with  the 
vaporized  products  at  all. 

In  the  action  of  alver  nitrate  on  sodium  chloride  (p,  19),  it  was 
solubility  that  furnished  the  means  of  separating  the  products.  The 
alver  chloride  is  practically  insoluble  in  water,  while  sodium  nitrate 
is  very  soluble.  To  recover  the  latter,  the  boiling-points  were  then 
considered,  and  the  more  easily  vaporized  water  was  driven  off. 

When,  following  the  latter  experiment,  the  silver  chloride  was  ex- 
posed to  light,  resolution  into  silver  and  chlorine  took  place.  The 
[ffoducts  became  separated  spatially  at  once,  because  chlorine  is  a 
gas  (substance  of  low  b.-p.)  and  silver  is  a  solid  (usually  a  substance 
of  high  b.-p.). 

Fact  and  Law.  —  If  the  preceding  pages  be  re&camined,  it  will 
be  seen  that  a  number  of  faots  are  mentioned  in  them.  We  begin 
the  organization  of  knowledge  according  to  the  scientific  method  by 
trying  to  determine  the  facts.  Thus,  we  find  some  specimens  of 
iron  are  variously  colored,  and  some  are  brittle.  Examination 
shows,  however,  that  the  former  peculiarities  are  due  to  paint,  for 
example,  and  the  latter  to  the  presence  of  carbon  and  other  foreign 
materials  in  the  iron  (east  iron).  Finally,  we  ascertain  the  facts 
that  iron  itself  is  silver-white  and  tough. 

Facta  are  the  ultimate  unite  of  the  structure  of  a  sdence.  Thus,  &  single  igo- 
lUed  observation,  uo  matter  how  accurately  made,  does  not  furnish  us  with  the 
BOTt  of  fact  that  can  receive  a  rennanent  place  in  our  collection.  It  is  only  after 
much  research  and  thou^t  t'lat  we  con  ascertain  which  are  the  fixed  elements  in 
the  variety  <d  eiqverience  in  any  line,  and  so  determine  what  are  the  facta,  in  the 
senae  in  which  we  have  used  the  term. 

Putting  together  statements  or  laws  like  those  appearing  iii 
heavy  type  above  (pp.  11,  17,  18),  is  the  second  step.  We  examine 
facts  of  a  like  kind,  or  pertaining  to  like  phenomena,  to  see  whether 
any  geneAl  statement  can  be  made  that  will  cover  some  feature 
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common  to  the  whole  of  them.  For  example,  after  settling  the 
intrinMc  properties  of  several  substances,  and  then  detenmiiing  the 
facts  about  the  way  in  which  these  properties  are  affected  under 
certain  circumstances,  we  decide  that,  when  one  substance  ^ves  two 
entirely  different  substances,  or  one  of  the  other  varieties  of  change 
(p.  21)  occurs,  the  cases  in  which  this  takes  place  shall  constitute 
a  distinct  class,  and  we  call  them  cases  of  chemical  change.  The 
statement  which  in  a  few  words  or  phrases  sums  up  those  features 
of  all  the  phenomena  of  like  kind  which  are  constant,  is  called  a 
gsnerallsation,  or  a  law,  or  a  prlnciplo  of  the  science.  A  gnwraliia- 
tion  or  law  in  chemistry,  therefore,  is  a  brief  itatemoit  deBCribing 
floms  gtmtnl  tact  or  constaat  modo  of  behavior. 

We  must  remember  that  laws  are  only  true  so  long  as  no  facts  in 
conflict  with  them  are  known.  There  are  no  laws  m  nature;  Nature 
presents  materials  and  phenomena  as  she  pleases.  The  laws  are 
parts  of  science,  which  is  made  by  man  (p.  1),  and  is  a  description 
of  natural  facts  as  man  knows  them.  As  we  shall  see  (p.  54),  at 
least  one  undoubted  exception  to  the  law  of  constant  proportion 
has  recently  (1914)  been  discovered,  and  other  exceptions  to  this 
law  will  undoubtedly  turn  up.  A  law  is  true  only  at  .the  date  of  its 
formulation  by  one  chemist  and  its  acceptance  by  other  chemists, 
and  only  so  long  as  no  facts  to  the  contrary  become  known. 

Of  course,  the  same  set  of  facts  may  be  viewed  in  maoy  ways.  Piddng  out 
the  relationdiips  which  are  most  compreheneive  and,  at  the  some  time,  are  best 
fitted  to  form  part  of  still  broader  generalizations,  or  to  take  their  plaeee  alongside 
of  equally  broad  ones,  requires  the  highest  abiUty.  The  most  importaot  laws, 
like  that  deacribing  the  behavior  of  gaeea  whea  compressed  (Boyle's  law),  are 
usually  connected  with  the  names  of  the  men  by  whom  the  relationships  were  dis- 
covered ahd  the  generalizations  formulated. 

The  word  "formulate,"  as  appbed  to  a  law,  is  preferable  to  the  word,  "dis- 
cover." The  latter  is  ambiguous  and  suggests  that  the  Uw  existed  before  it  was 
found.  Even  the  relation  which  it  puts  into  words,  did  not,  properly  speaking, 
exist,  because  relations  are  picked  out  of  a  complex  by  the  mind,  and  the  particu- 
lar relation  selected  is  a  property  of  the  mind  and  not  of  the  constituents  of  the 
complex  itself. 

The  reader  must  beware  of  the  miscoocqition  that  a  law  enforcea  behavior  in 
accordance  with  its  tenor.  The  mere  alaktmnt  that  every  piece  of  matter  attracts 
every  other,  cannot  compel  a  stone  to  fall;  nor  con  the  mode  of  behavior  of  one 
falling  stone  persuade  any  other  to  do  likewise.  TTic  law  is  simply  a  record 
of  what  is  invariably  observed  to  happen. 

It  is,  therefore,  also  very  misleading  if  we  permit  ourselves  to  say  that  Boyle's 
^0w  "acts"  so  as  to  "cause"  gases  to  behave  in  a  oertain  way,  or  that  the  law 
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"ententes"  to  "produce"  a  certain  behavior,  or  that  other  behavior  ia  "impos- 
Bibk"  to  the  gas,  or  that  the  law  of  wbeeion  "inteivenee"  when  the  gas  is  under 
low  pressure,  and  caueefi  its  behavior  to  "diverge  from  that  required"  by  Boyle's 
law,  or  to  Bay  that  a  gas  "disobeys"  BDylc's  law.  In  scientific  discussioos,  such 
figures  of  speech  are  alone  permisBible  as  throw  light  on  the  subject.  Phrases 
like  the  above,  common  as  their  use  ia,  have  been  selected  apparently  with  a  view 
to  introducing  a  majdmum  of  distortion  and  obBcurity.  It  is  the  gas  that  "acts" 
and  gives  rise  to  the  making  of  Boyle's  law,  and  the  latter  is  only  an  epitome  of 
the  viay  it  acts.  The  "laws"  of  nature  are  not  unchanging,  although  we  ore 
often  told  that  they  ore.  It  is  the  hehaoior  in  nature  that  is  unchanging.  The 
laws  which  attempt  to  describe  this  behavior  are  not  natural  laws,  they  are  man 
nutde.  They  are  continually  amoided,  that  they  may  more  closely  deecr3>e 
additioifal  facts  disclosed  by  research.  Behavior  divei^ent  frc»n  the  "laws  of 
nature"  is  not  <nily  poeeibte,  but  is  constantly  being  observed.  Such  divergencicfl 
furnish,  in  fact,  the  commonest  starting  point«  for  fresh  investigation.  Thus 
Boyle's  law  was  amended  by  van  der  Waals  (p.  165),  and  the  law  of  octaves  (g.f .} 
was  greatly  modified  by  Mendelejeff.  It  is  not  the  gas  which  "diverges"  from 
our  stBtement  or  "diBobeys"  our  law,  but  our  statement  which  is  proved  by  the 
behacior  of  the  gas  to  be  inaccurate.  Our  procedure,  in  such  cases,  is  always 
more  Ic^cal  than  our  language,  for  we  never  attempt  to  cure  the  gas  of  its  error, 
but  always  the  law  itself  by  suitable  modification  in  its  phraseology. 

Physios  in  Chemi»try,  —  It  will  be  seen  that  one  cannot  ac- 
ccHnplish  anything  in  chemistry  without  acquiiing  and  imng  some 
knowlet^  tA  physics.  We  measure  quantities  by  means  of  the 
pbyaical  attributes,  weight  and  volume.  We  produce  cheanical 
change  by  arran^ng  the  physical  conditions,  for  example,  by  mixii^, 
heatii^,  or  using  an  electric  current.  Physical  means  are  the  only 
means  we  possess  for  producing,  stopping,  or  modifying  chemical 
changes.  Again,  we  ascertain  whether  a  chemical  change  has  taken 
place  or  not  by  observing  the  physical  properties  of  the  materials 
before  and  after  the  experiment.  Thus,  we  noted  that  the  red, 
powdery  oxide  of  mercury,  when  heated,  gave  a  Hquid  metal  and  a 
gas.  All  the  phenomena  of  chemistry  are  physical.  A  phenomenon 
(Gk,  ^vw,  to  show)  is  liter^ly  something  that  is  seen,  or  more 
generally,  somethii^  that  affects  any  of  the  senses.  Observing 
physical  phenomena  is,  therefore,  our  sole  means  of  studying  ch^nical 
changes.  Chemical  work  is  therefore  entirely  dependent  upon  the 
skilful  use  of  physical  agencies,  and  the  close  observation  of  physdcal 
phenomena  for  its  success. 

It  is  only  the  inference,  following  the  experiment  and  the  observa- 
tion, that  is  strictly  chemical.  If  one  substance  gjves  two  different 
3S,  or  if  two  substances  give  one  different  substance,  for 
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example,  we  infer  that  a  chemical  change  haa  occurred.  We  then 
try  to  recognize  the  substances  by  their  properties  and  name  them. 
Changes  like  that  of  ice  into  water,  or  of  water  into  steam,  and 
idee  versa,  are  not  r^arded  as  chemical  changes.  These  are  called 
cbangn  of  tba  state  of  aggrogatlon.  The  soUd,  liquid,  and  gaseous 
forms  are  diflferent  states  of  the  same  substance.  The  very  language 
we  use  bears  testimony  to  the  universal  acceptance  of  the  view  that 
change  of  state  does  not  constitute  a  fundamental  alteration.  Thus, 
we  have  solid  lead  and  molten  lead,  air  (the  gas)  and  liquid  air.  In 
the  case  of  wat«r  alone  has  it  been  found  convenient  to  distinguish  the 
three  forms,  ice,  water,  and  steam,  by  separate  names. 

Attempts  to  Distinguish  bettxeen  Physics  and  Chemistry. — 

If  the  reader  has  studied  elementary  ohemiatry  before,  he  must  beware  of  obtain 
misconceptions  which  he  may  have  fonaed  in  regard  to  the  relation  of  phymcs  to 
chemistry.  For  several  ressona,  we  have  omitted  most  of  the  usual  material  em- 
ployed in  discussing  the  difference  between  chemistry  and  physics.  To  discufB 
the  difference  between  two  things,  when  the  reader  does  not  yet  know  anything 
about  one  of  them  (chemistry),  and  sometimes  knows  little  or  nothing  about 
the  other,  must  necessarily  be  futile.  Then,  too,  the  alleged  diiTerence  between 
physical  and  chemical  phenomena,  as  phenomena,  does  not  exist.  Heating  a 
platinum  wire  and  allowing  it  to  cool,  heating  mercuric  oxide  and  decomposing 
it,  and  an  animal  waking,  when  regarded  as  phenomena  (appeab  to  the  Benees) 
are  all  physdcal.  The  phenomena  presented  in  chemical  change,  in  the  stmcture 
of  plants  and  animal h,  in  geological  formations,  and  in  pure  phyaics  are  all  phys- 
ical. Aft«r  we  have  assigned  certain  groups  of  such  phenomena  to  other  sciences, 
what  is  left  bdon^  to  physics  as  such.  But  physics  still  has  to  be  employed  in 
explaining  how  the  limbs  of  an  animal  work,  how  strata  are  deposited,  and  how 
the  mercury  and  the  oxygen  are  separated,  and  how  each  is  recognized  in  the 
practical  study  of  chemistry.  We  cannot  omit  physics  because  it  is  needed  at 
every  turn.  Chemistry  deals  with  the  interpretation  of  certain  classes  irf  phys- 
ical phenomena,  geology  with  other  classes,  and  so  forth. 

Some  of  the  current  distinctions  between  chemical  and  purely  physical 
phenomena  deserve  notice.  Some  physical  changes,  like  the  baling  of  wat«r 
and  the  condensation  of  the  steam,  are  easily  reversible.  But  no  one  ever  saw  a 
piece  of  broken  glass  restored  to  its  original  condition.  Many  toys  are  brdcen, 
and  few  mraided.  In  fact,  some  physical  changes  are  ea^y  reversible,  and 
others  are  not.  We  shall  see  later  that  many  chemical  changes  are  also  easily 
reversible,  although  many  are  not.  There  is  no  distinction  along  this  line. 
Again,  in  chemical  change,  all  Che  physical  properties  are  alt«red.  But,  when 
water  is  converts!  into  steam  or  ice,  all  the  physical  properties  are  different. 
Change  in  all  physical  properties  occurs  in  physics  also.  Still  again,  the  change 
from  iron  to  rust  is  abrupt  or  sharp,  while  the  changes  in  the  properties  of  iron  as 
it  is  gradually  raised  to  higher  and  higher  temperatures   are  gradual.     But, 
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irben  the  iron  melts,  or  the  water  is  changed  into  steam,  the  change  is  very 
■harp.  Od  the  other  hand,  when  wat«r  is  heat«d  from  0°  to  100",  chemical 
cbaoges  from  (HiO}i  to  (HiO)i  and  H(0  occur  and,  when  ammonium  chloride 
v^Kir  is  heated,  nxae  NHi  +  HCI  is  formed  and  tesB  NHtCl  remains,  yet  no 
shatp  change  in  properties  is  noticeable.  The  abt>ence  of  abrupt  change  is  due 
to  the  fact  that  the  subetancw  in  the  water  and  the  gases  in  the  vapor  are  com- 
pUttly  mitcible  wUh  <me  another,  go  that  only  gradual  change  can  be  noticed. 
On  the  other  hand,  rust  and  iron,  or  water  and  steam,  are  not  misdble,  and  so 
two  phases  are  produced.  Hence,  the  change  (physical  or  chemical)  is  sharp 
if  a  new  phase  is  produced,  but  gradual  if  the  products  are  miscibk  with  the 
otii^nal  Bubetancee.  Finally,  it  is  sometiioee  aaid  that  phyucal  changes  are 
produced  by  physical  or  mechanical  means,  and  chemical  changes  by  chemical 
means.  In  point  of  fact  chemical  changes  are  produced  by  mixing  Bubstances, 
Of  by  beating  ^iroducing  more  violuit  motion  of  the  molecules),  or  by  using  a 
cuirent  of  electricity  (driving  a  stream  <rf  electrons  into  the  solution),  or  by 
other  physical  and  mechanical  means,  and  no  other  means  exist.  Practical 
didnistry  coosists,  therefore,  in  using  physical  means  to  produce  and  to  control 
chemical  change,  and  to  ae^arat«  and  examine  the  resulU.  Hence,  while  studying 
real  chemistry,  one  is  bound  to  use,  and  to  learn  much  about,  practical  physicn. 

Where  PhyatcB  and  Chemistry  Meet.  —  In  the  completeness  of  the 
tianrformation,  and  in  the  fa«t  that  only  one  original  substAnce  and  one  product 
are  required,  the  physical  changes  of  the  nature  of  melting  a  solid  and  vaporising 
a  liquid  resemble  the  fifth  variety  of  chemical  change.  Where,  then,  is  the  line 
between  chemistry  and  physics  to  be  drawn?  It  is  in  this  fifth  group  only  that  the 
difficulty  ia  oicountered.  All  agree  that  warm  solid  phosphorus  is  chemically 
identical  with  cold  phosphorus.  Nearty  all  scientific  men  at  present  assign  the 
study  of  the  melting  and  the  vaporizatiwi  of  pboBphorus  and  other  substances 
to  physics.  Some  chemists  consider  the  solution  of  phoephonis  in  carbon  disul- 
phide  or  some  other  solvent  (it  is  practically  insoluble  in  water),  although  the 
material  is  recovered  unchanged  by  evaporation  of  the  Uquid,  as  a  chemical 
change.  But  the  great  majority  r^ard  this  as  phyncal  also.  If  not  chemically 
different,  the  solid,  liquid,  gaseous,  and  dissolved  forms  of  a  substance  must  be 
classed  as  mere  physical  states  of  aggregation.  On  the  other  hand,  red  phos- 
phorus is  held  by  most  chenusta  to  be  chemically  different  from  yellow  phos- 
phorus. Many  kinds  of  matter  show  as  much  variety  in  form  as  phosphorus, 
and  aome  show  more. 

In  solving  an  ordinary  puule,  we  work  knowing  that  some  ample  solution 
exists.  When  studying  nature,  we  are  saved  much  embarrassment  by  remember- 
ing that,  in  cases  like  this,  we  are  not  seeking  for  a  clesr-cut  distinction  of  whose 
existence  we  are  assured  in  advance.  Nature  is  under  no  obligation  to  furnish 
easily  clasufiable  facts  at  alt.  The  hmitations  of  our  minds  compel  ua  to  clasaify 
as  far  as  we  are  able  to  do  so.  On  this  plan  alone  can  we  master  the  infinity  of 
detail.  But  the  resulting  system  exists  in  our  own  minds,  where  it  originated,  and 
oot  in  nature.    In  the  present  instance,  we  are  seeking,  as  always,  to  make  a 
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distinction  for  our  own  convenieitce.  But,  at  present,  the  effort  to  make  a  &ud 
distinction  that  can  be  used  consiHtently  causes  more  inconvenience  thou  the  alter- 
native of  letting  the  m&tter  rest.  The  history  oT  previous  expenences  leads  us  to 
hope  that,  with  fuller  knowledge,  we  shall  be  able,  sooner  or  later,  to  construct  a 
syHtem  of  classi&catioa  even  for  this  obscure  region.  MUx  the  distinction  has 
been  made  and  accepted  by  chemists,  and  not  till  then,  will  it  be  possible  to  explain 
it  to  Btudffltts. 

Summary,  —  In  thia  chapter  we  have  added  considerably  to 
our  concepUoD  of  the  Bcope  of  chranistiy  {cf.  pp.  13,  26).  Although 
our  survey  is  by  no  means  yet  complete,  we  may  condense  our  results 
as  follows: 

Chemistry  deala,  not  only  with  the  changes  in  composition  and 
constitution  which  substances  undergo,  but  also  with  the  transforma- 
tions of  energy  which  accompany  them.  To  convert  the  isolated  facts 
into  a  Balance  we  classify  related  parts  under  laws,  such  as  that  of 
conservation  of  energy  (p.  32),  and  under  conceptions,  such  as  those 
of  internal  energy  (p.  34),  and  chemical  activity  (p.  37).  We  also 
distinguish  between  specific  phydcal  properties,  attributes  and  con- 
ditions (pp.  40-41).  In  the  following  paragraphs  we  have  indicated 
briefly  the  use  to  which  these  conceptions  and  this  clas^fication  are 
put.  FiaaUy,>we  have  discussed  the  meanii^  of  tenos  like  cause, 
fact,  and  law,  and  the  relation  of  physics  to  chemistry. 

Chemical  laboratory  work  consists  largely  in  the  separation,  rec- 
c^nition,  and  description  of  substances.  The  importance,  especially, 
of  thorough  familiarity  with  specific  properties  and  the  influence  of 
conditions  (for  example,  temperature)  to  these  ends  is  shown  by  the 
examples  (pp.  42-45).  The  system  of  classification  as  a  whole  is  part 
of  the  everyday  mode  of  thought  of  the  chemist,  for  thought  conaste 
largely  in  comparing  and  contrasting,  and  our  system  of  classification 
furnishes  the  plan  of  this  so  far  as  chemistry  is  concerned.  Learning 
chemistry  con^sts,  therefore,  in  large  part  in  learning  this  clasafica^ 
tioQ  and  becoming  habituated  to  its  use. 

The  influence  of  conditions  has  as  yet  been  barely  touched.  It 
will  be  dealt  with  more  explicitly  as  occasion  offers.  The  attribute  of 
quantity,  which  has  already  received  some  attention  (p.  13),  will  form 
the  basis  of  discussion  in  the  next  chapter. 

Exercises.  —  1.  What  is  the  original  form  of  enei^  used  in, 
(a)  a  hydro-electric  plant,  (6)  an  automobile,  (c)  a  wateh,  (d)  a  clock 
with  weights? 
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2.  From  what  form  of  ener^  comes,  (a)  the  heat  of  a  burning 
candle,  (6)  the  heat  in  an  electric  light,  (c)  the  electricity  of  a  battery? 

3.  Dracribe,  (a)  a  red-faot  rod  of  iron,  10  cm.  long  by  1  cm. 
diameter,  weighing  58.5  g.,  (b)  a  solution  of  5  g.  of  sulphur  in  20  c.c. 
of  carbon  disulphide  at  18°  C.  In  doing  so,  divide  the  description 
into  attributes,  conditions,  and  properties. 

4.  Color,  volume,  melting-point,  density,  temperature,  weight, 
crystalline  form,  boiling-point,  pressure.  In  respect  to  which  of 
these  qualities  will,  (a)  one  substance  differ  from  another,  (6)  one 
specimen  of  the  same  substance  differ  from  another,  (r)  one  specimen 
of  the  same  substance  differ  at  different  times?  Give  the  technical 
names  and  uses  of  the  sets  of  qualities  which  fall  under  a,  b,  and  c, 
respectively. 

5.  What  properties  are  essential  in  order  that  two  substances 
may  be  separated  by,  (a)  evaporation,  (b)  filtration,  (c)  distillation? 

6.  What  is  the  cause,  (a)  of  the  precipitation  of  mlver  chloride 
(p.  19),  (6)  of  tbe  union  <^  iron  and  sulphur  (p.  16)? 
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CHAPTER  HI 

COHBINIlTa  PBOPOBTIOKS  BT  WUQHT 

Ir  we  now  returo  to  the  illustrations  of  chemical  phenomena 
which  we  have  been  studying  (pp.  14-21),  we  shall  End  a  new  question 
arising  naturally  out  of  them.  This  is,  whether  the  maes  of  the  m^ 
terials  is  altered,  as  are  the  other  attributes,  in  these  ch^uical  changes. 

Conservatimx  o$  Mas%t  Fourth  Characteristic  ef  Owntical 
Change.  —  The  most  painstaking  chemical  work  seems  to  ebow 
that,  if  all  the  substances  concerned  in  the  chemical  change  are 
weighed  before  and  after  the  change,  there  is  no  evidence  of  any 
alteration  in  the  quantity  of  matter.  The  two  weights,  representing 
the  sums  of  the  constituents  and  of  the  products  respectively,  are, 
indeed,  never  absolutely  identical,  but  the  more  careful  the  work  and 
the  more  delicate  the  instrument  used  in  weighing,  the  more  nearly 
do  the  values  approach  identity.  We  are  able  to  state,  therefore,  as 
a  law  of  all  chemical  phenomena,  that :  Tho  nuu»  of  »  syiton  is  not 
«floct«d  by  any  chomical  cbanc«  witJiin  tlM  system. 

This  statement  ^mply  means  that  th  e  great  law  of  the  conBerro^ 
tjon  of  mass  holds  true  in  chemistry  as  it  does  in  physics.  Chemical 
changes,  thoroughgoing  as  they  arc  in  res  pect  to  aU  other  quaUties, 
do  not  affect  the  mass;  an  element  carries  with  it  its  weight,  entirely 
unchanged,  through  the  most  comphcated  chemical  transfonnations. 

'  A  law,  as  we  have  seen  (p.  46),  is  a  oondenaedstAtementdeecnbingeoine  con- 
stant mode  of  behavior.  It  is  eimply  a  summary  of  our  experience.  As  such,  it  ia 
subject  to  modificatioD  when  a  fact  is  discovered  with  which  it  conflicte.  lliUB, 
it  is  perfectly  possible  that  we  may  yet  find  cases  of  demonstrable  changes  in 
wdght  accompanying  other  physical  or  chemical  changes  in  a  limited  Hy8t«n. 
Indeed,  it  has  more  than  once  been  allcgod  that  such  changes  have  been  obeerved. 
It  used  to  be  a  kw  that  the  earth  was  flat.  It  is  now  more  cort«ct  to  Bay  that  a 
limited  area  of  perfectly  level  ground  is  very  nearty  flat. 

It  will  be  observed  that  the  phrasing  lA  the  above  law  carefuUy  limita  its 
scope  to  amounts  of  matter  such  as  are  dealt  with  in  laboratory  experimoe.  We 
have  no  evidence  on  which  to  make  any  statements  about  the  mas  of  matter  in 
more  extensive  ch^nical  changes,  A  common  form  of  the  law,  to  the  effect  that 
"the  mass  of  matter  in  the  universe  is  unchangeable  in  amount,"  is  not  a  law  at 
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rU,  id  tbe  only  eenM  in  which  the  word  in  used  in  raence-  It  is  a  statement  in 
Teprd  to  euppoaed  facts  which  are  almotit  entirely  beyond  our  experience.  It  is, 
therefore,  &  proposition  of  a  transceii dental  (that  ie,  transcendiDg  experience) 
n&iure,  and  has  its  proper  place  in  metaphysics.  Astronomical  obeervstion.  it  is 
tine,  has  as  yet  furnished  no  evidence  of  changes  in  tbe  mass  of  our  own  or  other 
celestial  syatems.  But,  absence  of  evidence  to  the  contrary,  especially  considering 
the  relatively  limited  scope  of  our  knowledge,  both  in  respect  to  space  and  time,  is 
far  from  being  proof  of  the  oorrectnesa  of  the  proposition. 

Superficial  observation,  as  of  a  growing  tree,  might  seem  .to  give 
evidence  of  the  very  opposite  of  conservation  of  matter.  But  here 
the  carbon  dioxide  gae  in  the  air,  the  most  important  source  of 
nourishment  for  plants,  is  overlooked.  Similarly  the  gradual  dis- 
appearance of  a  caudle  by  combustion  seems  to  illustrate  the  destruc- 
tion of  matter.  But  if  we  insert  sticks  of  sodium  hydroxide  in  a 
U-tube  (Fig.  21)  to  catch  the  gases  which  rise  through  the  flame,  we 
find  that  the  gases  weigh  even  more'than  tbe  part  of  the  candle  which 


fau  been  sacrificed  in  making  them.  When  we  take  account  of  the 
irei^t  of  tbe  oxygen  obtained  from  the  air  which  sustains  the  com- 
bustion, we  find  that  there  is  really  neither  loss  nor  gain  in  weight. 
If  we  carry  out  chemical  changes  in  closed  vessels  (Fig.  22),  which 
permit  nether  escape  nor  access  of  material,  we  find  that  the  weight 
does  not  alter. 

One  way  of  stating  the  difference  between  chemistry  and  physics  is  to  say  that 
changes  in  which  both  the  mass  and  the  identity  of  the  substance  are  conserved 
bdxiK  to  the  latter,  while  those  in  which  the  mass  alone  is  cooserved  bekms  to 
ehemistrv. 
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The  Law  cf  D^nit^  Proportions:  Fifth  Characteristic  qf 
Chemical  Change.- — In  making  a  chemical  compound,  may  we 
use  varying  proportions  of  the  constituents?  The  controversy  be- 
tween Berthollet  and  Proust,  in  which  the  former  supported  the  affirm- 
ative and  the  latter  the  negative  side  <rf  this  question,  was  one  of  the 
chief  features  of  the  chemical  history  of  the  early  part  of  the  nine- 
teenth century.  The  ways  of  forming  or  decomposing  a  compound, 
or  of  carrying  out  a  more  complex  chemical  change,  may  be  varied 
indefinitely.  The  apparatus,  the  mode  of  experiment,  and  the  pro- 
portions of  the  materials,  may  be  altered  at  our  will.  But,  up  to 
1914,  in  spite  of  an  enormous  amount  of  careful  work,  no  case  of 
variation  in  the  proportion  of  the  constituents  actuaUy  rised  or  pro- 
dvced  in  a  given  chemical  action  has  come  to  light.  If  too  much 
of  one  constituent,  for  example,  is  taken,  a  part  simply  remains 
unchanged.  A^gher  temperature  may  hasten  the  chemical  action, 
but  it  does  not  affect  the  quantitative  composition  of  the  products, 
provided  the  resulting  substances  are  of  the  same  nature.  It  was 
the  work  of  Stas  (1860-65)  which  settled  the  question,  by  proving 
that  even  slight  variations  cannot  be  detected,  and  disposed  of 
Berthollet's  objections.     It  is,  therefore,  a  characteristic  of  chemical . 

I  phenomena  that :  In  wery  uunpl*  of  each  compound  subatanM  tonaaA 
or  dacompoBed,  tha  proportloii  by  weight  of  the  oonstltuenta  Is  alwaye 
th«  same.  This  statement  of  >4Ct  is  known  as  the  law  of  definite,  or 
of  conitant  proportlona.  When  the  composition  of  a  substance  seems 
'  to  be  variable,  it  is  usually  found  on  closer  examination  that  mechani- 
cal mixtures  of  some  kind  were  being  mistaken  for  pure  substances. 
Another  form  of  statement,  which  is  a  corollary  of  this  one,  and  is 
applicable  more  directly  to  complex  chemical  actions,  is:  The  latio 
by  weight  t^  any  one  (tf  the  factors  or  products  of  a  «*i«Tiin»i  chanc* 
to  any  other  Is  constant. 

One  exception  to  this  law  has  been  discovered.  Ordinary  lead 
chloride  contains  lead  and  chlorine  in  the  proportion  207.2  :  2  X '' 
35.46.  Richards,  of  Harvard,  however,  has  found  that  the  lead 
contained  in  uranium  ores  ^ves  a  chloride  in  which  the  proportion 
of  lead  is  from  206.1  te  206.8  to  the  same  weight  of  chlorine.  Honig- 
schmidt  and  Horowitz  found  lead  from  the  same  general  source  to 
give  in  some  cases  proportions  as  low  as  206.05  and  206.06,  yet  this 
lead  gave  the  same  spectnun  as  ordinary  lead.  Richards  found  this 
lead  to  have  a  density  slightly  lower  (1 1.288)  than  that  of  ordinary  lead 
(11.337),  Again,  Soddy  found  that  lead  extracted  from  thorium 
ores  gave  a  chloride  containing  a  proportion  of  lead  higher  than  the 
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onUnary  ore,  namely,  20S.4  : 2  X  35.46.  There  thus  appear  to  be 
Uuee  chlorides  of  lead,  having,  so  far  as  we  know,  the  same  properties, 
and  being  tker^ore  the  same  substance,  yet  differing  in  composition. 
This  illustrates  the  fact  that  a  law  is  true  only  until  facts  at  variance 
with  it  are  encountered.  This  law  was  absolutely  true  up  to  1914, 
but  is  now  true  of  all  compounds  with  the  exception  of  those  of  lead 
extracted  from  the  ores  of  uranium  and  thorium.  Still  other  excep- 
tions will  undoubtedly  be  discovered  very  soon. 

7?i«  Measurement  of  Comhining  Proportions.  —  The  most 
exad  measurement  of  the  proportions  in  which  the  elements  com- 
bine to  form  compounds  involves  manipulations  too  elaborate  to 
be  gODe  into  here.  Operations  of  the  same  nature  are  described 
in  works  on  quantitative  analysis.  One  or  two  brief  statements, 
diagrammatic  rather  than  accurate,  will  show  the  principles, 
however. 

If  we  take  a  wdghed  quantity  of  iron  in  a  test-tube  and  heat  it  with 
more  than  enough  sulphiu-  (an  «zoau  of  sulphur) ,  we  get  free  sulphur 
aknig  with  the  ferrous' sulphide  (p.  16),  and  no  free  iron  survives.^ 
We  may  remove  the  free  sulphur  by  washing  the  solid  with  carbon 

disulphide.      The  difEerence        

between  the  weights  of  fer-    =CE^ 
rous  sulphide  and  iron  gives 
the  amount  of  sulphur  com- 
iMned  with  the  known  quan-     '^i 
tity  of  the  latter. 

As  an  exam{^  of  the 
study  of  rusting,  we  may 
weigh  a  small  amount  of  ' 
copper  in  the  form  of  powder 
in  a  porcelain  boat  and  pass 
oxygen  over  the  heated  metal  (^g.  23).  The  formation  of  cupric 
oxide  takes  place  ra^ndly.  If  we  limit  the  oxygen,  part  of  the  copper 
may  remain  unaltered;  if  we  use  it  freely,  the  excess  will  pass  on 
unchanged.  A  given  weight  of  copper  cannot  be  induced  to  take  up 
more  than  a  certain  amount  of  oxygen,  ajid  use  of  a  less  amount 
aim{^  limits  the  amount  of  copper  transformed  into  oxide.  The 
rai^nal  weight  of  the  copper,  and  the  increase  in  weight,  representing 
oxygen,  give  us  the  data  for  determining  the  composition  of  cupric 
oxide.  The  data  furnished  by  one  roi^  lecturcexpeiiment,  for 
example,  were  as  follows: 
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Wd«ht  of  boat  +  copper 4.278  g. 

Weight  of  boat  empty 3,428  g. 

DifFerence  =  might  of  C<q>p«r 0.8SO  g. 

'  Weight  after  addition  of  oxygen 4.488  g. 

Weight  without  oxygen ' 4.278  g. 

DifTerence  ^  w«lght  of  oxjg*n 0.310  g. 

The  proportion  of  copper  to  oxygen,  so  far  as  this  one  measurement 
goes,  is  therefore  85  :  21.  . 

The  results  of  quantitative  experiments  are  usually  recorded  ia 
the  form  of  parts  in  one  hundred.  To  find  the  percentage  of  each 
constituent,  we  observe  that  the  proportion  of  copper  ia  85:  85+21, 
or  -ffy  of  the  whole.  That  of  the  oxygen  is  ■fi^  of  the  whole.  Thus 
the  percentages  are: 

Copper,         106  :  85  ::  100  :  «  a;  =  80.2 

Oxygen,        106  :  21  ::  100  :  x'        x'  =  19.8 

Naturally,  the  mean  of  the  results  of  a  number  of  more  carefully 
manf^ed  experiments  will  be  nearer  the  true  proportion.  The  per- 
centages at  present  accepted 
as  most  accurate  are  79.9  and 
20.1. 

In  the  case  of  mercuric 
oxide,  we  may  decompose  a 
known  weight  of  the  oxide  (p. 
17)  and  afterwards  w^gh  the 
mercury  and  ascertain  the  oxy- 
gen by  difference. 

Finally,  a  strip  of  the  metal 
magnesium  may  be  set  on  fire 
in  the  Eur.  It  gives  out  a  daz- 
zling white  light  in  burning, 
and  on  this  account  the  pow- 
dered metal  is  used  in  making 
flash-light  powder  for  photog- 
raphy. The  product  is  mag- 
*"  neaum   oxide,    a   white   sub- 

stance, which  partly  rises  as  a  dense  smoke  and  partly  falls  on  the 
ground.  In  a  loosely  closed  porcelain  vessel  (Fig.  24)  the  metal  may 
be  burned  slowly,  with  the  help  of  the  heat  from  a  small  flame,  and 
the  oxide  may  be  retained.     The  weight  of  magnesium  ribbon  taken 
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and  the  increase  in  weight  due  to  oxygen  give  the  data  for  calculatii^ 
the  proportionB  of  the  constituents. 

The  following  ^ures  show  the  results  of  some  experiments  like 
these,  and  represent  the  percentage  composition  of  the  products. 
Only  two  places  of  decinuUs  are  given  in  each  case,  the  numbers 
following  the  second  decimal  being  omitted,  and  hence  the  total,  in 
one  instance,  appears  to  be  only  99.99.  The  numbers  in  parentbcras 
will  be  explained  presently: 

(I)   Cupric  ozldo  (2)   Harcuilc  oddfl 

Copper          79.9  pl-Sl  Mercuiy      92.61         rlOO^T 

Oxygai         20.1  L  8  J  Ogygen         7.39       L  8    J 

(3)  Water  (4)  Chlorine  nranoxlde 

Hydrogen    11.19  riOOSl  Chlorine     81.8         r35.46-| 

Oxysea        88.81  L    8    J  Oxygen       18.2          L   8    J 

Combining  Weights.  —  The  percentages  in  the  above  list  rep- 
resent the  true  proportions  by  weight  in  the  various  compounds,  but 
naturally  the  individual  numbers  constituting  those  proportions  have 
no  chemical  agnificance  whatever.  They  are  arbitrary  values 
selected  so  that  the  two  factors  in  the  proportion  may  together  make 
100.  Each  pur  represents  the  constant  ratio  which  is  the  mean 
result  of  numerous  experiments. 

We  begin  the  effort  to  reduce  these  numbers  to  order  by  selecting 
one  element  as  our  st&rting-point,  and  by  taking  some  convenient 
weight  of  it  as  the  basis.  As  we  shall  see,  it  makes  no  difference  what 
choice  we  make  in  either  respect.  To  avoid  waste  of  time,  we  shall, 
therefore,  use  oxygen,  as  it  is  the  element  generally  preferred  by 
chemists  for  the  purpose.  The  reason  for  this  preference  will  be 
'  apparent  later  (see  pp.  61,  66). 

We  should  naturally  be  inclined  to  use  1  part  of  the  element  as  oiir 
baas.  But  our  later  steps  involve  finding  out  what  amounts  of  the 
other  elements  combine  with  this  quaatity,  and  we  perceive  tliat  the 
amount  in  the  case  of  hydrogen  will  be  only  0.126  parts.  We  calcu- 
late this  from  (3):  88.81  :  11.18  ::  1  :  i  (=  0.126).  If,  however,  we 
take  8  parts  of  oxygen,  this  unount  of  hydrt^n  is  also  increased  eight 
times  and  becomes  1.008.  As  no  element  is  found  to  combine  in 
smaller  proportions  than  hydrogen,  we  are  satisfied  that  a  scale  for  our 
numbers  based  on  .8  parts  of  oxygen  will  not  involve  any  values  less 
than  1.     The  choice  of  scale  is  purely  one  of  convenience. 

We  now  proceed  to  calculate  from  the  data  given  above  the  weight 
of  each  of  the  other  four  elements  which  cgmbineg.witELS  psirtftof,. 
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oxygen.  From  (1)  we  calculate  this  wdght  of  copper,  thus,  20.1 : 
79.9  ::8:x  (-  31.8  parts  of  copper).  Similarly  we  find  that  8 
parts  of  oxygen  combine,  in  (2)  with  100.3  parts  of  mercury,  in  (3) 
with  1.008  parts  of  hydrogen,  and  in  (4)  with  35.46  parts  of  chlorine. 
Oxygen  unites  with  almost  all  the  known  elements,  and  these  four 
compounds  have  been  chosen  simply  as  a  sample  group. 

Oxygen,  8 


U  1^ 


I  I —  — I  I 

Copper,  31.8    Mekcuhy,  100.3   Hydrogen,  1. 008    Chlobins,  35.46 

Now  chlorine  combines,  not  only  with  oxygen,  but  also  with 
copper,  mercury,  and  hydrogen,  and  measurement  shows  that  the 
combining  proportions  are  represented,  exactly,  by  the  very  same  numbers 
as  b^ore.  From  the  two  independent  facta  that  8  parts  of  oxygen 
combine  with  31.8  parts  of  copper  and  with  35.46  parts  of  chlorine, 
we  could  not  possibly  have  foretold  the  proportions  in  which  copper 
and  chlorine  would  combine  with  one  another.  Yet  measurement 
shows  it  to  be  31,8  :  35,46  precisely.  In  the  following  table  the 
proportions  in  which  the  elements  combine  with  chlorine  are  placed 
under  the  airrespouding  parts  of  the  names  of  the  compounds  with 
chlorine: 

Cupnic  Cbloiudb  Mercdbic  CHLOimifi  Hydroqen  Cbixiridb 

31.8  :  35.46  100.3  :  35.46  1.008  :  35.46 

If  additional  elements  had  been  included  in  the  group,  a  combining 
number  could  have  been  found  for  each,  and  seeming  coincidences  of 
the  same  nature  would  have  multiplied  rapidly.  Thtis,  sulphur 
unites  with  hydrogen  to  ^ve  hydrogen  sulphide.  If,  to  maintain  the 
same  scale,  we  use  1.008  parts  of  hydrogen  in  expressing  the  prof)or- 
tion,  we  find  that  the  combining  ratio  is  1.008  :  16,03,  This  result 
could  not  enable  us  to  predict  the  proportion  of  copper  to  sulphur  ui 
cupric  sulphide,  but  measurement  shows  it  to  be  31.8  :  16.03.  Again, 
mercury  and  sulphur  unite -in  the  proportion  100.3  :  16.03. 

SuLPHUB,  with  the  value  16.03,  may  therefore  be  added  to  the 
series  of  equivalent  weights. 

Laic  of  Multiple  Proportions.  —  One  other  remarkable  fact 
remains  to  be  noted.  There  are  two  different  compounds  of  copper 
with  oxygen.    Cuprous  oxide  (q.v.),  the  one  not  mentioned  hitherto. 
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ia  found  id  nature  aa  a  dark-red  mineral  which  is  entirely  differ^it 
from  cupric  oxide  in  physical  properties.  It  can  also  be  prepared 
in  the  laboratory,  but  not  by  simply  passing  oxygen  over  iheated 
copper.  '  Now,  analysis  shows  that  in  cuprous  oxide  the  pro;  ortion 
of  copper  combined  with  8  parts  of  oxygen  is  63.6.  This  new  i  iimber 
for  copper  is  not  unrelated  to  the  correspondii^  value  in  cupric 
oxide  (viz.,  31.8),  for  it  is  exactly  twice  as  great.  Again  mercury  forms 
mercurous  oxide  (see  below)  aa  well  as  mercuric  oxide,  and  in  the 
former  the  proportion  of  oxygen  to  mercury  is  8  :  200.6.  The 
proportions  of  mercury  uniting  with  8  parts  of  oxygen  are  there- 
fore 100.3  and  200.6,  and  no  other  proportions  are  known.  Still  again, 
1.008  parts  of  hydrogen  unite  with  8  parts  of  oxygen  in  water  and 
with  2X8  parte  of  oxygen  in  hydrogen  petoxide.  The  fact  si^- 
gesied  by  these  three  examples  is  a  general  one.  It  was  discovered 
by  DaltoQ  (1804)  and  was  embodied  by  him  in  a  statement  known 
as  the  Uw  of  mult^ls  proporUoiu,  which  ran  somewhat  as  follows: 
If  two  slomontB  untta  In  more  than  oit«  proportion,  fonninr  two  or 
mors  conqxnindSi  the  quantities  of  one  of  tlie  elunenta,  which  In  the 
dlffarant  compounds  are  united  with  Identical  amount!  of  the  other, 
•tand  to  one  another  in  the  ratio  (d  Uitegial  numben,  which  are  uiualljr 


The  Loio  of  Combining  Weightss  Sixth  Characteristic. — 

The  reader  should  now  examine  carefully  the  following  table  of 
combining  proportions.  It  includes  all  the  compounds  made  up  of 
pairs  of  the  mx  sample  elements  under  consideration,  so  far  as  the 
existence  and  composition  of  such  compounds  have  been  deter- 
mined with  certunty.  The  substances  in  black  type  are  the  ones 
from  whoee  composition  we  origiiially  derived  the  combining  Qumbers, 
the  others  illustrate  the  uniform  recurrence  of  the  same  numbers: 


Ccqirls  oxide 

31.8  ;  8 
Cu[xoU8  oiide 

2X31.8:8 
Ciqwic  sulphide 

31.8  :  16.03 
Cuprous  sulphide 

2X31.8  :  16.03 
Cuprio  chloride 

31.8  :  35.46 


Uercuric  oxide 

100.3  :8 
Meroiiroua  oxide 

2X100.3  :8 
Mercuric  sulphide 

100.3  :  16.03 
Mercurous  sulphide 

2X100.3  :  16.03 
Mercuric  chloride 

100.3  :  36.46 


^drogen  monoUde  (water) 


1.008  :2X8 

l^drogen  Bulpbide 

1.008  :  16.03 


Hydrogen  chloride 

1.008  :  35.46 
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CupnxM  chloride 
2X31.8:35.46 

Sulphur  dioxide 
16.03  :  2X8 

Sulphur  trioxide 
16.03  :3X8 


MercurouB  chloride 
2X100.3:35.46 

Chlorins  moiuizldo 
35.46  : 8 

Chlorine  dioxide 
35.46  :  4X8 


Sulphur  moDochloride 
2X16.03  :  35.46 

Sulphur  tetrachloride 
16.03  :  2X35.46 


It  will  be  observed  that  the  same  number  serves  always  to  e: 
the  combining  proportions  of  a  ^ven  element,  provided  that  multi- 
plication by  an  integer  is  permitted  when  necessary.  There  are  also 
some  combinations  of  three  of  the  same  elements  in  one  compound. 
But  even  in  such  cas^  the  fundamental  numbers  still  reappear. 
Thus  oxj-gen,  chlorine,  and  hydn^en  combine  in  the  proportions: 
2X8  ;S5.46: 1.008,  6X8:35.46:  1.008,  uid  8X8:36.46:1.008. 

Nor  is  the  recurrence  of  a  fundamental  number  an  exclusive  property 
of  the  six  elements  wc  have  chosen  for  illustration.  A  vast  table 
containing  every  known  element,  and  every  compound  of  every  ele- 
ment, if  prepared  in  the  same  way  as  that  pven  above  (by  starting 
with  a  fixed  number  for  one  element  and  calculating  the  combining 
proportions  in  all  the  compounds  with  this  number  as  a  basis),  would 
show  that  every  element  uses  an  individual,  fundamental  number, 
or  integral  multiples  of  this  number,  in  every  one  of  its  combinations. 
No  exceptions  to  this  rule  would  be  found  in  the  whtde  mass  of  data. 
These  relations  become  clearer  when  represented  diagrammatically. 
Thus  the  five  elements,  omitting  oxygen,  give  the  followir^  com- 
pounds and  no  others: 


-SnlphtiT — 1:1— M«reuij^l:l— Cblorino — l:l-^jdiOgra 
(16.03)  (100.3)  (35.46)  (1.008) 


It  will  be  observed  that  hydrogea  forme  stable  compouDda  with  ooly  two  of 
the  other  four  elemente  in  the  aeries.    If,  however,  oxygen  hod  been  included, 
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DompoundB  of  oxygco  with  all  the  other  five  would  have  demanded  recognition. 
This  illiwtratea  the  reaaoo  given  below  for  the  preferenoe  of  oxygen  as  the  funda- 
mental element. 

,  The  law  ol  eomUotiig  w«lgbU  may  be  put  briefly  thus:  In  tmij 
eomiKnuid  lulMtuice,  ths  proportion  by  welgbt  of  saoti  •lament  may 
b»  «xpr«ned  by  a  flzsd  number,  one  for  eaob  element,  or  by  a  multi- 
ple at  the  number  by  mne  Integer  (wbole  number).  It  describes 
wh&t  is  perhai»  the  most  striking  of  all  the  characteristics  of  chemi- 
cal action.  Clearly  it  does  not  apply  to  mixtures,  for  any  irr^pilar 
proportion  could  be  used  in  the  physical  process  of  mixiug. 

It  is,  perhaps,  hardly  neceeeary  to  point  out  that  the  law  of  multiple  pro- 
portions is  rampjy  a  partial  Htatemcnt  whose  whole  content  is  included  in  thlB 
far  plater  generalization.  No  one  chemist  succeeded  in  diseorering  this  property 
al  combining  wdghts.  The  work  <A  J.  B.  Richter,  Dalt«n,  and  many  others 
eoDtributed  to  it. 

Most  of  the  first  exact  determinations  of  combining  proportions  were  made  by 
Benefius  before  1830.  It  should  be  added  that,  while  the  combining  wei^ts,  with 
tbe  exception  of  that  of  oxygen  which  ia  the  standard,  are  never  actually  whole 
numboB  (althou^  they  often  approotih  such  integral  values),  the  integen  used  to 
multiply  them,  when  they  are  employed  to  express  combining  pR^rartione,  are  so 
moat  exactly.  E>ven  in  determinatitKia  by  methods  of  the  highest  refinement,  the 
factora  to  be  used  in  multip^ing  the  combining  wdght^  are  always  found  to 
diverge  from  whole  numbers  by  amounts  within  the  known  errors  of  the  method 
of  meaeuremoit. 

ReexaitUnation  of  Combining  Weights.  —  If  the  reader  will 
now  reexamine  carefully  the  way  in  which  the  data  were  handled,  the 
following  significant  facts  will  be  noted: 

1.  Oxygen  was  made  the  starting-point  of  the  system  and  the 
value  8  was  assigned  to  its  combining  weight.*  Had  a  different  value 
been  used,  all  the  numbers  would  have  been  different.  But  the 
change  would  have  affected  all  the  numbers  in  the  same  proportion 

*  Oxygen  was  chosen  aa  the  bans  of  the  system  because  the  exact  deter- 
miaationB  of  the  combining  weigbta  of  moat  of  the  elements  have  actually  been 
made  by  direct  union  with  oxygen  or  with  the  help  of  but  one  intermediate 
step.  If  the  question  had  been  one  of  mathematics,  hydr<%en,  the  element 
with  the  lowest  combining  proportions,  would  have  furrushed  the  ba«B  and 
unit  of  the  scale.  But  tbe  question  was  the  practical  one  of  getting  the  most 
accurate  measurements  for  the  relative  magnitudes  of  the  numbers,  so  oxygen 
was  chosen  instead.  Neverthelefia,  the  value  8  was  selected  in  order  that  the 
advantage  of  Having  a  mathematieal  unit,  or  something  clcee  to  it,  in  the  oexor 
bining  weigbt  of  hydrograi,  might  be  retained  also. 
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and  BO  only  the  scale  of  the  numbers  would  have  been  changed.  Ad 
individual  combining  number,  one  for  each  element,  would  have 
still  recurred  wherever  the  element  itself  appeared. 

2.  Even  use  of  another  element  aa  the  initial  one  would  not  have 
prevented  the  discovery  of  the  law.  Thus  with  hydrogen  as  the 
initial  element,  and  the  value  1.008,  no  change  whatever  would  have 
been  noted.  With  a  different  value  for  hydrogen,  a  change  of  scale 
in  all  the  numbers  would  have  followed,  but  individual  combining 
weighi«  would  have  appeared  as  before. 

3.  Finally,  if  cuprous  oxide  had  been  used  instead  of  cupric  oxide 
for  the  first  proportion,  the  value  found  for  copper  would  have  changed 
to  63.6,  while  the  other  numbers  would  have  remained  unaffected. 
But  this  number  would  serve  as  the  combining  weight  of  copper  just 
as  well  as  31.8,  for  the  composition  of  cupric  oxide  can  be  expressed 
by  the  proportion  63.6  :  2X8  as  well  as  by  31.8  : 8,  and  that  of 
cupric  sulphide  by  63.6  :  2X16.03  ae  well  as  by  31.8  :  16.03.  An 
important  conclusion  therefore  follows  from  these  considerations,  and 
we  shall  have  occasion  to  use  it  presently,  namely,  that  any  one  or 
more  of  the  equivalent  weights  {with  scale  oxygen  =  8)  may  be 
separately  multiplied  by  an  integer  without  its  usefulnees  as  a  member 
of  the  series  being  at  all  impcdred. 

The  importance  of  the  fact  described  in  the  law  of  combinii^ 
weights  cannot  be  emphasized  too  strongly.  Without  this  fact,  the 
remembering  of  the  compositions  of  chemical  substances,  necessary 
as  it  ia  to  the  chemist,  would  have  been  completely  beyond  the  power 
of  any  ordinary  memory.  With  it,  the  task  becomes  comparatively 
simple.  It  is  only  necessary  to  decide  on  the  best  system  of  values 
for  the  combining  weights,  and  then,  regarding  the  value  of  ihia  for 
each  element  as  the  unit  of  weigfU  for  thai  dement,  to  express  the  pro- 
portions of  the  element  in  every  compound  by  the  proper  multiples. 
Thus,  given  a  list  of  the  combining  weights,  one  for  each  element,  only 
the  small  integral  multiples  have  to  be  kept  in  mind  in  connection 
with  each  compound. 

f"  The  reader  will  require  a  little  time,  however,  before  he  becomes 
/accustomed  to  the  use,  not  of  a  sii^le  unit  of  weight,  but  of  a  different 
(jOne  for  each  element.  Chemistry  is  the  only  science  in  which  the 
physical  unit  of  weight,  which  is  the  same  for  all  materials,  is  not 
employed  for  every  purpose.  The  physical  manipulations  of  the 
chemist  are  carried  out  with  the  use  of  physical  units,  but  the  chemi- 
cal results  are  expressed  in  terms  of  individual  imit  quantities  of  the 
several  elements,  the  combining  weights.  ' 
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The  individual  units  actually  used  for  each  element  are  not  in  all 
cases  identical  with  those  we  have  given.  The  final  values  will  be 
discussed  in  the  next  two  sections. 

Equivalent  Weights.  —  The  phrase  "combining  weights"  is  a 
general  one,  referring  to  any  values  that  can  be  employed  in  express- 
ing the  proportions  by  weight  used  in  combining,  thus,  for  oxygen, 
the  values  8,  16,  24,  or  32,  or  any  other  multiple  of  8  would  serve  the 
purpose.  Not  only  bo,  but  we  could  arbitrarily  assign  any  number 
we  chose  to  oxygen,  such  as  3  or  3.14159,  and  call  it  the  combining 
weight,  provided  we  changed  the  quantities  of  other  elements  uniting 
with  oxygen  correspondingly.  ^In  other  words,  combining  weights 
have  no  estabUshed  values  in  chemistryj  The  term  is,  therefore, 
suited  for  use  in  the  definition  of  the  "law  of  combining  weights 
stated  above,  for  in  that  law  no  particular  scale,  or  way  of  fixing 
values  for  the  numbers,  is  either  ^ven  or  required.  Two  other  terms, 
namely,  equivalent  weights  (below),  and  atomic  weights  (next  sec- 
tion), however,  do  refer  to  a  fixed  scale  and  to  a  definite  numerical 
value  for  each  element. 

The  saulvalent  weight  of  eaoli  olamoit  la  that  w«i^t  which 
comblnwi  with  s  puts  of  oxyron  or  1.008  parts  of  hydroguL  The 
equivalent  weights  of  the  different  elements  {e.g.,  copper  31.8,  mer- 
cury 100.3,  chlorine  35.46,  etc.)  are  bo  designated,  because  they  are 
equivalent  to  the  extent  that  they  combine  with  equal  amounts  of 
oxygen  (or  of  hydrogen).  These  numbers  are  frequently  used  in 
chemical  work. 

**  Atomic  Weights.  —  The  chemist  frequently  uses  the  idea  of 
equiv^ents  and  the  values  (p.  60)  we  have  given  them.  But  far 
more  often  he  employs  a  slightly  differing  set  of  numbers,  which  he 
calls  atomic  weights.  The  following  fist  shows  the  elements  whose 
equivalents  we  have  been  discussing,  along  with  one  or  two  others, 
added  by  way  of  furnishing  a  fair  sample,  and  gives  both  sets  of 
weights  for  the  purpose  of  comparison: 


ELBcam. 

EgmVA- 
Wdqbt. 

#=. 

EianNT. 

Waawt. 

WnoHi. 

Oiygen     .   .   . 

ite:;: 

Mercury      .    . 
Chlorine  .   .  . 
Hydrogen    .   . 

8 

31.8 
16.03 
100.3 
35.46 

1.008 

W 
63.6 
32.06 
200,6 
35.46 
l.OOS 

Aluminium     . 
Sodium    .   .   . 
Bromine      .   . 

27.92 
12.16 
3.00 
9.03 
23.00 
79.92 

66.84 
24.32 
12.00 
27.1 
23.00 
79.92 
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It  will  be  seen  that  some  equivalents  have  been  multiplied  by  two, 
the  &Tat  four  and  those  of  iron  and  magnesium,  for  example;,  some 
have  been  multiplied  by  three,  like  that  of  aluminium;  some  by  four, 
like  that  of  carbon ;  and  some  remain  unchanged,  like  those  of  chlo- 
rine, hydrogen,  sodium,  and  bromine. 

f  Explanation  of  the  Law  of  Combining  Weights:  Atoms 
\and  Molecules.  —  To  explain  the  law  of  combining  weights  it  was 
lound  necessary  to  use  the  third  kind  of  explanation  (p.  11),  namely, 
the  making  of  an  hypothesis.  The  details  of  how  two  substances 
combine  cannot  be  seen,  so  chemists  had  to  ima^-ne  some  details 
which  would  account  for  the  possession  of  an  individual  unit  weight 
by  each  element.  If  oxygen,  for  example,  is  composed  of  minute, 
inmsible  particles,  which  are  all  fdike  in  weight,  and  hydrogen,  sul- 
phur, and  the  other  elements  are  of  the  same  nature,  except  that  the 
weight  of  the  partide  of  each  kind  of  element  is  different,  we  have  the 
■  basis  of  an  explanation.  We  have  to  suppose,  further,  that,  when 
elements  combine,  the  individual  partides  adhere  in  pairs  or  groups, 
am-  wbcdes,  and  are  never  broken.  In  this  way  the  particle  of  each 
variety  of  elementary  matter  will  have  a  definite,  unchang:eabie 
weight,  which  will  be  one  of  its  fixed  properties,,!  If"  the  relative 
weights  of  the  particles  of  oxygen,  copper,  and  hydrogen  are  in  the 
proportion  of  the  numbers  in  the  table,  namely,  16  :  63.6  :  1.008,  the 
whole  situation  becomes  clear.  Chemical  union  must  consist,  in 
detail,  in  the  union  of  the  particles  of  the  elements  to  form  the  par- 
ticles of  the  compound.  For  each  particle  of  cupric  oxide  (p,  57)  the 
proportion  31.8  :  8,  or  one  particle  of  copper  (63,6)  to  one  particle  of 
oxygen  (16),  is  required. 

For  each  particle  of  water,  where  the  proportion  of  oxygen  to 
hydrogen  is  16  :  2,016  (or  8  ;  1.008),  evidently  one  particle^  oxygen 
ADiitivo  particles  of  hydrogen  are  necessary,")  Varying,  intermediate" 
proportions  are  imp<Ksibie,  bccauscTHe  particles  of  the  elements  are 
permanent,  are  never  broken,  and  combine  as  wholes,  and  in  a  uni- 
form way  through  the  mass.  The  only  possible  variation  would  be 
to  take  different  relative  numbers  of  the  particles — for  example, 
two  of  oxygen  to  two  of  hydrogen  (2X16  :  2x1.008).  But  this 
product  would  have  a  different  composition  from  water,  and  would  not 
be  water.  This  compound,  with  the  double  proportion  of  oxygen, 
is  indeed  known  (it  is  hydrogen  peroxide),  and  is  the  only  other 
known  compound  of  these  two  elements. 

This  theory  fully  explains  why  the  combining  proportions  of 
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each  element,  in  different  compounds,  can  always  be  expressed  by  s 
fixed,  unit  number  (which  represents  the  weight  of  the  ultimate 
particle  of  that  element)",  multiplied,  when  necessary,  by  a  whole 
number  (representing  the  number  of  particles  of  the  element  required 
to  form  ft  particle  of  the  compound  in  question). 

T\a:~  explanation  was  first  offered  by  Dalton,  a  schoolmaster  of 
Mani;he.-:ier,  in  1802.  Borrowing  an  idea  from  the  speculations  of 
i  ,■■  Cr-^-ok  philosophers,  he  called  the  particles  of  elements  atomt 
.,  .  arofi^,  not  cut,  or  not  divided).  The  atoms  of  any  one  element 
:tr  i;  :vlike  in  weight,  as  well  as  in  other  properties,  but  the  atoms 
(.':  .;""".  r.. at  dements  differ  in  weight. 

1 1  -  ;>articles  made  by  uniting  two  or  more  atoms,  as  in  forming 
.-  "^TT^i  of  a  compound,  are  called  molooulM  (Dim.  of  Lat.  molea, 

cb^mcal  combination  of  two  ample  substances  consists, 
Ti,--,.  :■■  an  elaborate  re-^ouping  of  the  atoms  of  both  elements  so 
lU-.'  .  ecules  of  the  compound  are  formed.  Definite  proportions* 
'  -  v..  icnt  are  required,  in  order  tbat  the  atoms  of  each  element  may 
k-  :iv,'j:lable  in  the  correct  proportion,  1  atom  :  1  atom  or  1  : 2  or 
1  :  "y.   -f  ID  some  similar,  usually  simple  ratio. 

T  ■■  result  waa  called  the  atomic  theorr.  For  long  it  remained 
■I'!  ■.>-(n)theffls.  Recently,  however,  we  have  obtained  independent 
I  ,.if  t  hat  molecules  and  atoms  are  real,  for  we  can  now  count  and 
iciri^h  individual  molecules,  and  we  even  know  something  of  the 
in-fiilc  -^Iructure  of  atoms. 

I'lic  fundamental  numbers,  one  for  each  element,  being  tb* 
relative  •valuta  of  the  atomi,  are  called  atomic  wsUrhts. 

Atomic  Weights  Again.  —  It  was  noted  above  (p.  63)  that  the 
aromic  weights  are  often  multiples  of  the  eqiuvalents  by  whole 
numbers.  Thus,  the  eqtuvalent  of  aluminium  is  9.03,  and  the  atomic 
weight  '/r.l;  the  equi^ent  of  oxygen  8  and  the  atomic  weight  16. 
This  multipUcatJon  was  made  to  obtain  the  true  relative  wights  of 
the  atOQis.  No  facts  discussed  in  this  chapter  can  enable  us  to 
decide  upon  the  relative  weights  of  the  atoms.  In  a  later  chapter, 
however  (Chap.  XII),  additional  facts  will  be  encountered  which 
enable  us  to  reach  this  decision.  The  reader,  must,  therefore,  for 
the  present  accept  the  atomic  weighta  and  use  them,  pending  the 
presentation  of  proofs  that  they  are  correct.  The  step  from  equiva- 
lents to  atomic  weights  is  taken  before  the  justification  of  it  can  be 
given,  because  otherwise  formulse  (see  next  chapter),  which  are 
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baaed  on  atomic  weights,  could  not  be  used  in  the  earlier  chapters, 
and  BO  the  advantages  their  employment  oSers  would  be  sacrificed 

Attention  may  be  called  to  one  fact  which  shows  that  the  data 
presented  thus  far  do  not  permit  us  to  decide  upon  the  best  final  unit 
weights.  In  the  table  on  p.  59,  we  find  two  different  compounds  of 
oxygen  and  copper  in  which  the  proportions  are  8  :  3I.S  and  8  :  63.6. 
Similarly,  8  parts  of  oxygen  combine  with  100.3  and  with  200.6  pert£ 
of  mercury;  and  1.008  of  hydrogen  with  8  and  with  16  parts  of  oxy- 
gen.  In  each  case,  the  two  compounds  are  equally  important,  and 
there  is,  therefore,  no  basis  for  deciding  whether  to  select  the  number 
31.8  or  63.6  for  the  unit  weight  of  copper,  100.3  or  200.6  for  roercuiy, 
8  or  16  for  oxygen.  Evidently  some  other  kind  of  information  (see 
Chap.  XII)  is  required  to  enable  us  to  make  the  deci^on. 

A  little  thought  will  show  that  the  atomic  weights  have  «fl  the 
properties  which  we  have  shown  to  belong  to  the  equivalent  lights. 
/The  atomic  weight  is  the  unit  of  weight  (p.  65)  actually  uied  in 
(^expreaaing  the  proportions  of  each  element  in  all  its  comppunds. 
The  integral  factors  are,  of  course,  different  from  those  which  would 
be  employed  in  expressing  the  composition  of  the  same  substaice  in 
terms  of  equivalents,  because  many  of  the  latter  have  been  mul- 
tiplied by  small  int^ers  already  in  course  of  being  made  into  atvmic 
weights,  But  the  multiplication  has  in  every  case  been  by  an  in- 
teger, so  that  the  new  numbers  are  just  as  serviceable  as  are  the  old 
ones  (p.  62). 

To  the  reasons  given  above  for  the  choice  of  oxygen  as  the  funda- 
mental element,  and  the  value  8  for  its  equivalent  weight,  one  other 
may  now  be  added.  The  majority  of  the  atomic  weights,  calculated 
on  this  basis  from  the  experimental  results,  fall  so  close  to  being 
int^ers  that  the  nearest  round  numbers  are  exact  enough  for  ordinary 
use.  Thus  in  the  above  list  seven  of  the  twdve  atomic  wmghta  are 
within  0. 1  of  the  nearest  whole  number.  This  convenience  disappears 
when,  for  example,  hydrogen  with  the  value  1  (instead  of  1.008)  is 
made  the  basis. 

As  we  have  seen,  the  chemist  does  not  use  a  single  unit  of  wdght 
(the  gram),  as  does  the  physicist.  He  employs  a  different  unit  of 
weight  (the  atomic  weight)  for  each  of  the  eighty  elements.  This 
does  not  represent  an  arbitrary  deciaon  of  the  chemist,  however.  It 
is  due  to  the  fact  that  the  atoms  of  any  one  element  have  the  bbiu& 
weight,  but  that  the  atoms  of  different  elements  have  different 
weights.  The  atom  of  uranium  is  238  times  as  heavy  as  that  of 
bydrt^en,  and  its  combining  proportions,  therefore,  are  in  general 
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greater  in  the  same  ratio,  while  the  atoms  of  the  other  elements  have 
weigbta  falling  between  these  limits. 

A  complete  list  of  atomic  wights  is  printed  on  the  iodde  of  the 
cover  at  the  back  of  this  book. 

Summary.  —  In  this  chapter  we  have  encountered  three  addi- 
tional facts  which  are  characteristics  of  chemistTy.  This  chapter 
adds  an  important  item  to  our  statement  of  the  scope  of  the  sraence 
((/.  p.  M),  which,  therefore,  now  reads  as  follows:  Chemistry  deals 
with  the  quanlUative  study  of  the  changes  in  compoation  and  con- 
stitution which  substances  undei:%o  and  with  the  transformations  of 
enei^  which  accompany  them.  To  express  the  quantitative  rela- 
tions which  are  observed,  a  different  unit  of  weight  is  employed  for 
each  element,  and  is  known  as  the  atomic  wdght  of  the  element. 

There  are  other  important  characteristics  of  chemical  phenomena, 
mostly  concerned  with  the  conditions  (p.  40),  but  the  sdx  which  have 
been  fpven  are  sufficient,  for  the  present,  to  guide  us  in  the  systematic 
study  of  the  behavior  of  the  elements  and  their  chief  compounds. 

It  may  not  be  out  of  pl&ce  to  indicate  which  are  the  most  important  condi- 
tions. 

The  fint  condition  whoae  influence  we  &re  likely  to  notice  in  chemical  wotk  is 
that  of  temperalwe.  The  accelerating  effect  of  rise  in  temperature  on  the  speed  of 
all  chemical  changes  (see  Chap.  V),  and  van't  HoFa  law  (q.v.)  in  regard  to  the 
effect  of  temperature  on  the  direction  of  chemical  cliange,  describe  the  meet  im- 
portant characteristics  of  thie  influence. 

The  eecood  condition  whoee  effects  we  continually  obaerve  is  that  of  eoncen- 
tntion.  This,  bhA  not  chemical  affinity,  as  many  suppose,  determines  chemical 
behavior  in  the  majority  of  familiar  actions.  It  ia  described  by  the  law  of  con~ 
cmtration  (.q.v.),  or  "mass  action,"  as  it  is  of  ten  inappropriately  called  to  the  great 
detriment  of  clearnew.  Brin'e  method  of  obtaining  oxygen  fumishee  the  first 
ooDspicuouB  case  <tf  the  influence  of  this  condition  which  we  shall  encounter.  If 
this  and  many  other  examples  are  passed  over  without  discuseion,  it  is  only 
because  we  must  wait  until  much  chemical  experience  has  been  gained  before  this 
principle  can  be  understood.  Pruaure  is  the  familiar  measure  of  concentration 
in  gases. 

A  third  condition  (rf  great  importance  in  many  —  perhaps  most  —  chemical 
actions  is  the  presence  of  a  eaialyfie  or  contact  oj/ent  (q.v.). 

Exercisea.  —  1.  For  the  purpose  of  recording  the  results  (rf 
quantitative  experiments,  why  do  we  prefer  percentages  (p.  56)  to  the 
actual  weights  .themselves? 

2.  To  tesf^he  correctness  of  the  statements  on  p.  61,  take  mercury 
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as  the  basal  eTement  and  250  as  its  combiniiig  weight,  and  work  out 
from  the  data  on  pp.  59  and  60  the  correspondii^  combining  weights 
of  the  other  five  elements.  Then  show  that  the  values  obtained  have 
the  same  property  as  have  the  equivalents, 

3.  Express  in  terms  of  atomic  wdghte,  or  their  int^ral  multiples, 
the  composition  of  cupric  oxide,  cupric  chloride,  sulphur  mono- 
chloride. 

4.  Show  that  doublii^  the  atomic  weight  o^  chlorine  would  ^ve 
an  avulable  combining  number. 
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CHAPTER  IV 

SmBOLS.  rOBMOLS,  IQUATIOHS,  0ALCVL&TIOK8 

A  CONSIDERATION  of  the  content.8  of  the  forgoing  chapter  will  Bbow 
that  the  complete  description  of  a  chemical  change  must  be  exceed- 
ingly involved.  In  a  moderately  complex  action,  auch  as  that  of 
Bodium  chloride  upon  silver  nitrate  (p.  20),  we  ehonld  say  that  Bodium 
chldride,  composed  of  one  atomic  weight  each  of  sodimn  and  chlorine, 
when  brought  in  contact  with  silver  nitrate,  composed  of  one  atomic 
weight  each  of  silver  and  nitrogen  and  three  atomic  weights  of  oxygen, 
gtae  mlver  chloride,  composed  of  one  atomic  weight  each  of  alver  and 
chlorine,  and  sodium  nitrate,  composed  of  one  atomic  weight  each  of 
sodium  and  nitrogen  and  three  atomic  weights  of  oxygen.  Such  a 
statement,  while  it  would  give  aJl  the  facte  in  the  quantitative  point 
of  view,  would  be  difiBcult  to  grasp.and  lacking  in  perspicuity.' 

Symifols  and  FormuUe.  —  In  order  to  represent  the  nature  of 
a  chemical  change  in  a  form  which  may  be  taken  in  at  a  glance,  the 
chemist  is  in  the  habit  of  using  certain  lymbols,  first  introduced  by 
Berselius.  Thus,  the  letters  Ag  represent  one  atomic  weight  (i.e., 
107.88  parts)  of  s^ver  (argentum),  and  0  represents  one  atomic  wdght 
(i.e.,  16  parts)  of  oxygen.  In  other  words,  the  lymbol  of  an  element  ^ 
mMiu  ona  «>iw«ii™i  unit  wsight  (atomic  wsifht)  of  ths  alem«&t. 
Since  the  names  of  many  elements  begin  with  the  same  initial,  two' 
letters  have  frequently  to  be  used  to  distinguish  them.  Thus,  0 
stands  for  one  atomic  weight  (12  parts)  of  carbon,  Ca  for  one  atomic 
weight  (40.07  parts)  of  calcium,  CI  for  35.46  parts  of  chlorine.  When 
the  names  of  the  elements  are  not  the  same  in  all  languages,  resort  is 
frequently  had  to  latin.  Thus,  Cu  stands  for  one  weight  of  copper 
(cuprum),  Fe  is  used  for  iron  (/CTTum),Hg  for  mercury  (hydrargyntm). 
From  Gennan  we  have  Ns  for  sodium  (nairium)  and  K  for  potasdum 
{ktdivmy. 

To  represent  a  compound,  the  symbols  of  the  elements  which  it 
contains  are  placed  side  by  rade,  small  numbers  indicating  multiples 
of  the  atomic  weights  where  they  occur.  Thus,  sodium  chloride  is 
represented  by  the  symbols  NaCl  ( =  23  of  sodium  to  35.46  of  chlo- 
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line),  ffllver  nitrate  by  the  aymbolfl  AgNOj  (=  107.88  oi  olver,  14.00 
of  nitrogen,  and  3  X  16  of  oxygen).  Such  a  combination  of  symbols 
is  called  a  tonnula.  The  Bymbols  composing  a  formula,  taken  hy 
themselves,  do  not  stand  for  any  definite  quantity; /each  is  one 
factor  of  a  proportion.  Ag  means  the  proportion  of  IOT.88  parte  of 
silver  to  the  proportions  of  the  other  elements  represented  by  the  other 
symbols  which  may  be  connected  with  it.  The  symbols  are  inters 
national  (see  list  inside  reftr  cover). 

Equations.  —  It  is  now  posable  to  abbreviate  the  condensed 
statements  we  have  been  using  to  represent  the  substances  and  their 
quantities  in  chemical  reactions.  Thus,  the  statement  on  p.  13, 
when  translated  into  symbols,  is  as  follows: 

Iron  (2  X  55.84)  +  Oxygen  (3  X  16)  -♦  Ferric  oxide  (159.68) 
or:  2Fe  +  30  ^  Fe,Oi 

that  on  p.  16  is:  Fe  +  S  -*  FeS. 

The  chemical  action  above  mentioned  (p.  20)  appears  as  follows: 
NaCl  +  AgNO,  -*  AgCl  +  NaNO,. 

This  expresaon  contains  all  that  was  conveyed  by  the  words  which 
were  ^tten  out  in  full.  The  arrow  indicates  that  the  materials  on 
the  left-hand  side  pass,  in  the  chemical  transformation,  into  those 
on  the  right-hand  side.  Such  symbolic  expressions  are  called  •qu^- 
tlom. 

It  will  be  observed  that,  in  the  first  equation,  we  employ  the  fonn 
2Fe  before  combination  and  Fej  (in  Fe^)  after  it.  The  reasons  for 
this  usage  will  become  clear  as  we  proceed.  We  not«  am^dy  that 
2Fe  means  2  separate  atomic  weights  of  iron,  as  3FeiOi  woidd  meim 
three  separate  formula-wslgbls  of  oxide  of  iron.  The  same  8u6«(anc«, 
iron,  might  appear  as  5Fe  or  SFe  in  other  equations,  according  to  the 
proportion  needed.  But  FegOi  is  a  group  of  five  atomic  weights 
united  chemically.  The  substance  ferric  oxide  never  contains  either 
more  or  lees  than  two  atomic  weights  of  the  dement  iron,  and  its 
formula  is  invariable.  Thus  the  regvlar  integers  multiplying  the 
atomic  wedghts  in  the  compodtion  of  a  particular  compound  are 
writt^i  a^ier  the  symbols  of  the  elements,  while  more  arbitrary 
coefficients  which  chai^  from  one  use  of  the  substance  to  another  are 
written  in  front.  When  no  coefficient  appears  in  front  of  a  symbol  or 
formula,  1  is  to  be  understood.  I 

■^  I  Mz,,!:,.,  Google 
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Much  practice  is  required  to  enable  one  to  make  and  understand 
equationa.  The  reader  should,  therefore,  at  once  turn  back  to  the 
statements  on  pp.  13,  16,  17,  18,  obtain  the  necessary  atomic 
wogbts  and  symbols  from  the  table  at  the  end  of  the  book,  and  con- 
struct the  equation  in  each  case. 

We  eiull  fimd  lata'  that  ttkere  are  two  substances  coDtaininf;  nothing  but 
osyKen,  and  that  each  is  a  compound  of  the  element  with  itself.  The  molecular 
formuke  of  these  two  are  Ot  (cHcygen)  and  0|  (oione).  Thus  O  or  30  or  30 
would  all  be  used  tea  different  prc^Kntions  of  the  substance  O,  if  such  a  gui«(ance 
were  known,  and  O  would  be  used  for  a  substance  made  of  oxygen,  but  different 
btim  oxygen  or  owme.  Molectdar  formuln  will  not  be  employed  here  until  after 
ATOgadro's  law  has  been  disciBeed.    They  will  then  be  uaed  exclusively. 

The  obi«ct  in  writing  a  Beriea  of  formula  in  the  above  manner  is  to  ahow 
that  the  system  upon  the  left-4iand  side,  conasting  of  oert&in  substances  whose 
compofliti<m  and  properties  we  know,  is,  under  tlie  conditions  of  the  experiment, 
unstable,  and  changee  into  the  system  upon  the  right-hand  side,  whoHe  nature 
we  also  know.  The  materials  on  the  two  sidea  are  essentially  different,  for  the 
tranrframation  represented  is  a  chemical  change.  It  is  somewhat  anomalous, 
therefore,  that,  to  connect  two  aete  of  thingi  which  are  eesentially  different,  the 
sign  -■  is  usually  employed.  To  call  this  a  cherrtkal  equation  is  still  more  anoma- 
lous, since  it  is  |»eciBely  in  the  chemical  point  of  view  that  the  difference  between 
the  two  sides  is  moet  strongly  to  be  emphamied.  U  represents  two  sets  of  things 
iriiich  are  diffennt,  and  not  alike  chemically.  The  physical  properties  of  the  two 
seta  of  substances  are  likewise  totally  unlike.  There  is  only  one  respect  in  which 
tbe  materials  on  the  two  adea  agree,  and  that  is  that  their  mass  is  not  different. 
"Hoe  is,  however,  merely  an  example  of  the  law  of  conservation  of  matter,  and 
need  not,  therefore,  be  specially  commemorat«d  in  the  form  in  which  we  writ« 
evoy  equation.  It  may  be  assumed  that  the  equality  in  mass  holds  for  all  chemi- 
cal changee  until  some  case  where  it  does  not  hold  shall  have  been  discovered. 
Above  all  it  must  be  remembered  that  the  chemical  equation  is  not  an  algebraic 
eipreesitMi;  it  is  not  subject  to  the  rules  of  algebra.  It  is  a  brief  expresuon,  in 
tenuB  ot  the  atomic  wdghts,  of  the  distribution  in  kind  and  quantity  of  the  con- 
stituenta  of  a  system  before  and  after  chemical  change. 

-«  '  Making  Formuke.  —  To  make  the  fonnula  ot  a  compound  sub- 
g&BcericSuminf;  the  formula  to  be  unknown,  two  kinds  of  informa- 
tion are  required.  We  ascertain  (1)  by  mMaurBment  the  proportion 
by  weight  of  the  constituents  in  the  compound.  We  require  also 
(2)  to  know  the  chemical  unit  weights  —  the  atomic  weights  —  which 
have  been  accepted  by  chemists  for  each  constituent  element.  By 
factoring  the  terms  of  the  first  proportion  so  that  one  factor  in  each 
case  is  tbe  atomic  weight,  we  discover  whether  multiples  of  the  atomic 
weights  will  l>e  required  to  represent  tbe  composition  of  the  sub- 
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stance,  and  if  so  what  these  must  be.  An  illustration  will  make  the 
process  clear. 

Suppose  the  problem  is  to  make  the  formula  of  dried  rust.  By 
weighing  before  and  after  the  change,  we  get  the  weight  of  the  iron 
and  of  Uie  corresponding  amount  of  oxygen  in  the  rust  it  produces. 
If  we  took  2  g.  of  iron  we  should  get  about  2.86  g.  of  rust.     So  that 

the  proportion  of  iron  to  oxygen  is  rrr—.    Now,  in  the  formula,  the 

0.86 
same  ratio  must  be  represented  by  means  of  multiples  of  the  atomic 
weights  (p.  69).  We  therefore  divide  the  quantity  of  each  element 
by  the  correspon^ng  atomic  weight.  This  gives  us  the  factors  by 
which  the  atomic  wights  are  to  be  multiplied.  The  atomic  weights 
are  55.8  and  16  respectively:  2  h-  55.8  =  0.0358,  and  0.86  -i-  16  = 

0.0537.  The  proportion  —  then  becomes  ^q'q  ^  0  0537 '  ^°^ 
this  proportion  must  be  capable  of  expression  in  terms  of  integral 
multiples  of  the  atomic  weights.  We  find  that  the  greatest  common 
measm«  of  the  two  factors  is  0.0179.    Dividing  above  and  below  by 

" Substituting  the  symbols  for  the 


0X3 
is  therefore  FesOt- 

Applying  the  same  process  td  cupric  oxide  (p.  56),  we  start  with 
the  result  of  the  measurement:  copper  :  oxygen  ::  85  :  21. 
Copper  ^  85  ^  63.B7  X  1.3  ^  Cu  X  1-3  ^  Cu       ^ 
Oxygen      21         16  X  1.3  0  X  1.3        O  ""^     "    * 

If  the  composition  of  the  substance  has  been  stated  in  percentages, 
the  same  device  is  used.  Thus,  the  case  of  sodjum  sulphate  works 
out  as  follows: 


El™™t. 

P«r,*nl««e. 

••■          PoriDuh 

SiKlium 

Sulphur 

32.43 
22.55 
45.02 

23    X1.41 
32    X  0-705 
19    X  2.814 

0,705    NaX2 
0.705    8 
0.705    0X4 

The  formula  is,  therefore,  Na»SOi. 

It  is  obvious  that,  after  we  have  found  out  what  elements  com- 
pose a  given  compound,  we  are  still  unable  to  write  its  formula,    We 
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may  not  simply  set  the  symbols  down,  dde  by  side.  A  measuremeDt 
must  be  made,  in  order  that  we  may  find  out  the  factors  by  which  the 
atonic  wdgbts  are  to  be  multiplied. 

Writing  Equations.  —  To  make  the  equation  represenUng  a 
chemical  change  we  take  the  following  steps: 

1.  We  note  tlu  tanaxHm  of  Uu  sobttaneea  UMd. 

2.  We  recf^nize  by  their  properties  the  lubataocw  produesd,  and 
Uam  their  formula.  This  we  do,  either  by  measurement  and  calcu- 
lation, as  shown  above,  or  we  find  in  a  book  the  formula  as  they 
have  been  determined  by  the  experimental  work  of  chemists. 

3.  We  then  vrits  a  ikaUton  wiaatkm.  In  the  first  example  dis- 
cuaaed  above  (p.  70),  this  is: 

Sfcefafcm  equation:  Fe  +  0  — » FejOj. 

We  are  careful  to  place  the  substances  used  on  the  left,  and  to  point 
the  arrow  towards  those  which  are  produced. 

4.  finally,  we  balaniw  the  oquatioii,  by  placing  the  proper 
coefficients  before  the  formuke.  This  last  operation  requires  experi- 
ence for  its  rapid  performance.  A  good  rule  is  to  begin  by  picking 
out  that  one  of  the  fonnuls  which  contains  the  largest  number  of 
atomic  weights,  no  matter  upon  which  side  it  appears.  Here,  this 
formula  is  FeiOi.  We  then  reason  that,  to  obtain  Fci  we  require 
2Fe,  and  to  obtain  Os  we  require  30,  and  accordingly  we  place  these 
coefficients  before  the  appropriate  symbols,  thus: 

Balanced:  2Fe  +  30  ->  Fe,0,. 

It  is  hardly  necessary  to  add  that  a  chemical  equation  gives  the 
proportions  of  the  materials  and  nothing  more.  The  physical  condi- 
tioDS,  for  example,  whether  the  substances  are  dissolved  in  a  liquid,  or 
we  in  the  state  of  gas,  or  are  at  a  high  temperature,  have  no  place  in 
it.  The  physical  properties  of  the  substances  concerned,  and  also 
the  energy  in  the  form  of  heat  or  electricity  which  may  appear  or  dis- 
appear in  the  process,  are  Ukewise  left  entirely  out.  A  question  in 
regard  to  the  nature  <rf  a  particular  chanical  chai^  demands  in 
answer  a  full  statement  of  all  these  things.  The  equation  is  therefore 
an  esBential  part,  but  only  a  part,  of  such  a  statement. 

That  Uie  formube  and  equatione  can  deal  only  with  the  nalerud  part  of  the 
jghgtanceB  lUHUrgraDg  change,  and  not  with  their  energy  (p.  35),  is  ehown  by  a 
It's  oonaderation.    CcmsiBtency  is  to  be  seciired  only  t^  hdding  tnat  the 
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■ymbol  3,  whether  alone  or  oombined  with  othtfa,  trtsnds  for  the  tnatt^-part  of 
the  sulphur  (for  the  element,  in  fact,  see  p.  23).  It  is  32  parts  by  wei^t  of  sul' 
phur-matter.  Only  in  this  way  doea  it  preserve  the  same  siguificaiioe  on  both  udes 
of  the  equation  S  +  0|  — *  SC^.  If  S  on  the  left  side  stood  for  the  free  wbsUmce 
gvlphvT,  then  it  would  stand  for  32  parts  of  sulphur-matter  plus  the  appropri&te 
amount  of  energy.  In  this  case  the  S  on^he  right  side  would  have  a  different  ag- 
nification,  and  represent  a  lesH  amount  of  energy.  This  is  only  the  be^nning  of 
the  difficulty,  (or  we  then  And  that  S  in  H£Oi  r^reeente  the  same  weight  at 
sulphur-matter  with  still  another  proportion  of  energy,  and  S  has  ae  many  inta<- 
pretationa  as  there  are  formula;  in  which  it  occuiu.  Clearly,  all  refweneee  to 
eaeigy  should  be  ri^dly  excluded  from  equations,  and  thermochemical  data  can 
never  be  given  in  connection  with  them  without  complete  sacrifice  of  consistaH^. 
In  this  book,  however,  the  habit  of  writing  thermochemical  equations,  beins 
universal,  is  frequently  followed  when  thermochemical  data  are  given. 

Units  of  Measurement  in  Chemical  Work.  —  In  chemical 
work  temperatures  are  invariably  measured  on  the  Centigrade  scale. 
The  temperature  of  a  mixture  of  ice  and  water  is  the  zero  point.  The 
temperature  of  the  steam  which  rises  from  water  boiling  under  a 
pressure  of  one  atmosphere  is  represented  by  100°.  The  interval 
between  those  two  points  is  divided  into  one  hundred  equal  parts. 

For  the  racpresaion  of  length,  weight,  and  volume,  the  metric 
system  is  employed.  The  unit  of  this  system  is  the  meter,  which  is 
subdivided  into  decimeters,  centimetere  (cm,),  and  millimeters  (mm.). 
For  small  measurements  the  last  subdivision  is  taken  as  the  unit.  A 
cubic  centimeter  (c.c.)  is  the  unit  of  volume  for  small  measurementB. 
For  larger  ones  the  liter,  which  contains  1000  cubic  centimeters,  is 
used.  The  unit  of  weight  is  that  of  one  cubic  centimeter  of  water  at 
4°,  the  temperature  of  maximum  density.  This  is  called  the  gram.* 
For  lai^r  amounts  of  material  the  kilogram,  which  contains  1000 
grams  (1000  g.),  is  frequently  employed.  The  meter  is  equal  to  about 
39|  inches  in  ordinary  measures,  and  the  centimeter  is  very  neariy  J  oi 
an  inch.  One  liter  is  about  A  of  a  cubic  foot  and  contfUns  61  cubie 
inches.  One  hundred  grams  is  about  3^  ounces  svoirdupms,  and  one 
ounce  equals  28.35  grams  (see  Appendix  I). 

Calculati^ms.  —  As  we  have  seen  (p.  69),  the  formula  repr^ 
sents  the  composition  of  a  substance,  using  the  atomic  weights  as  the 
units.     We  have  learned  bow  the  formula  is  calculated  from  measure- 

*  In  point  of  fact,  the  gram  is  the  one-thousandth  part  ct  the  weight  of  the 
standard  kilogram  kept  in  Paris.  This  diffoa  from  the  weight  ot  1  c.c.  of  water 
at  4°  by  lees  than  O.OI  per  cent. 
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meats  made  in  an  experiment  (p.  72).     We  may  now  take  up  some 
of  the  ways  of  uang  Uie  infonnatioa  contained  in  a  fonnuja. 

Composition,  from  the  Formula.  Fiiriiiii^i  fTi  lj|frf  —  To 
leam  the  composition  of  a  substance,  such  as  potassium  chlorate 
KClOt,  from  ite  formula,  we  look  up  the  values  of  the  atomic  weights 
(inside  rear  cover).  We  find  K  =  39.1  parts  of  potassium,  CI  = 
35.46  parte  of  chlorine,  and  Oi  =  3  X  16  or  48  parts  of  oxygen.  The 
proportions,  in  order,  are  therefore:  39.1  :  35.46  :  48. 

What  is  the  proportion  of  oxygen  to  potassium  and  chlorine, 
together?     It  is  48. :  39.1  +  35.46,  or  48  :  74.56,  or  1  :  1.55. 

We  require  a  name  for  the  sum  of  the  weighte  of  the  constituents 
indicated  in  the  formula.  This  is  called  the  tormuU-wsieht.  Thus, 
for  potassium  chlorate,  it  is  39.1  +  35.46  +  48,  or  122.56. 

To  Find  the  Percentage  Composition.  —  In  potasaum  chlo- 
rate the  proportions  are  39.1  of  potassium,  35.46  of  chlorine,  and  48 
of  oxygen  or  a  total  of  122.56.    In  one  hundred  parts,  the  potassium 

is  ^~  X  100,  or  31.9;  the  chlorine  ^^  X  100,  or  28.9;  and 

'  1  nn  nr  so  1 
122.56 

Stated  in  terms  of  the  rule  of  proportion,  we  have,  for  the  potas- 
sium, 122.56  :  39.1  ::  100  :  x,  where  x  is  the  percentage  of  potassium. 

Calculations  by  Use  of  Equations.  —  We  frequently  wish  to 
know  what  weight  of  a  product  can  be  obtained  from  a  given  weight 
of  the  necessary  materials,  or  how  much  material  is  required  to 
furnish  the  desired  weight  of  a  product.  For  example,  what  weight 
of  ferrous  sulphide  can  be  made  with  100  g.  of  iron?  It  is  understood 
that  the  necessary  sulphur  is  aviilable. 

To  avoid  the  blunders  which  are  easily  made,  observe  strictly  the 
foQowmg  rules: 

1.  Witta  down  tha  «quatloo: 

Fe  +  S-»FeS. 

2.  Place  uadar  euih  formula  th«  wslght  it 

Fe    +     S      -*    FeS. 
55.84       32.06         87.9 
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3.  Beftd  tbU  npanded  •quktlon:  In  this  case  it  reads:  55.84 
parte  of  iron  combine  with  32.06  parts  of  sulphur  to  give  87.9  parts 
of  ferrous  sulphide, 

4.  B«-rMd  tht  tfffglnM  problwm:  "What  weight  of  ferrouB  sul- 
phide can  be  made  with  100  g.  of  iron?"  Having  done  this,  place 
the  amount  given  in  the  problem  (100  g.  of  iron)  under  the  formula 
of  the  substance  in  question.  Then  notice  what  the  problem  asks 
("  what  weight  of  ferrous  sulphide")  and  place  an  x  under  the  formula 
of  that  substance: 

Fe  +  S  ->  FeS 
55.84  32.06  87.9 
100  g.  X, 

5.  Bead  tha  problam  as  now  ubuUtsd:  55.84  g.  of  iron  ff.ve 
87.9  g.  of  ferrous  sulphide,  therefore  100  g.  of  iron  will  give  x  g.  of 
ferrous  sulphide. 

6.  Stat«  tbs  proportion  fn  this  order  (or,  see  below) : 

55.84  :  87.9  ::  100  :  i  (=  157.5  g.).   ' 

If  the  tabulation  in  rule  4  has  been  prepared  correctly,  this  final 
statement  as  a  proportion  la  purely  mechanical.  It  will  be  noted 
that  only  two  of  the  three  quantities  given  in  the  expanded  equation 
were  actually  used. 

6a.  AltanutiTfl  nuthod:  At  the  sixth  step,  we  may  also  say: 
If  55.84  g.  of  iron  (pve  87.9  g.  of  ferrous  sulphide,  1  g.  of  iron  will  ff.ve 

-   '    g.  (=  1.575  g.)  of  ferrous  sulphide.     Then,  if  1  g.  of  iron  gives 

1.575  g.  of  ferrous  sulphide,  the  100  g.  of  iron  will  give  100  X  1.575  g. 
(=  157.5  g.)  of  ferrous  sulphide. 

GWarninga.  —  In  solving  the  exercises  at  the  end  of  the  chapter, 
beware  of  three  kinds  of  mistakes,  which  are  commonly  made. 
1.   Do  not  read  the  problem  carelessly  and  make  the  equation 
backwards,  that  ]b,  with  the  sides  reversed.    Focus  attention  first 
on  the  exact  chemical  change  involved. 

2.  Do  not  speak,  or  think  of  the  symbols  Fe  and  S  as  standing  for 
"1  part"  of  iron  or  sulphur.  They  stand  for  1  chemical  unit,  or 
atomic  weight,  or  atom,  in  each  case,  that  is,  for  "55.84  parte"  and 
"32.06  parte,"  respectively. 

3.  Follow  the  rules  laid  down  above.  The  chemist  follows  theae 
rules.  The  beginner  always  thinks  he  can  do  without  them,  and  he 
fails  in  consequence.    Writing  the  equation  in  expanded  fonn  (rule 

_   t;oosic 


SYMBOI£,  FORMULA  EQUATIONS,  CALCULATIONS  77 

2)  ajid  reading  the  problem  into  it  (rules  4  and  5)  are  absolutely 
easeotial  steps. 

Another  Example.  —  What  weight  of  hydrogen  U  required  to 
reduce  45  g.  of  magnetic^ onde  of  iron(to  metallic  iron? 

Following  the  rulea,  as  before,  we  reach  the  ^[panded  equation: 

^     '^Fe      +         4H,0. 
3X55'84      4(2X1.008+16) 
167.52  4  X  18.016 

167.52  72.064 


Fe^.            + 

4H, 

3X56.84  +  4X16 

8X1.* 

167.62  +  64 

8.064 

231.53  _ 

8.064 

46  g. 

X 

Observe  that  the  atomic  weights  are  multiplied  by  the  sub-numbers, 
BO  that,  for  example,  Fej  =  3  X  55.84.  Observe  alao  that  the 
formula-weigh te  are  multiplied  by  the  coefficients)  when  such  occur, 
in  front  of  the  formulee,  so  that,  for  example,  4H:0  =  4  X  18.016. 

The  proportion  231.52  :  8.064  ::  45  :  x  (=  1.57)  supplies  the 
answer,  1-57  grams  of  hydrogen. 

Ufflng  the  attemative  plan:   If  231.52  g.  of  magnetic  oxide  are 

reduced  by  8.064  g.  of  hydrogen,  1  g.  will  be  reduced  by  ■ ;/     -  g. 

( =  0.035  g.)  of  hydrogen.  Hence,  if  1  g.  of  magnetic  oxide  is  reduced 
by  0.035  g.  of  hydro^n,  45  g.  will  be  reduced  by  45  X  0.035  g. 
(=  1.57  g.)  of  hydrc«en. 

rtv     Exerdsea.  —  I.  What  wdght  of  mercury  is  obt^ned  from  120  g. 
of  mercuric  oxide?  Xs'^  '  - 

2.  What  weight  of  mercuric  oxide  will  furnish  20  g.  of  oxygen? 

3.  What  weight  of  silver  chloride  is  obtained  from  50  g.  of  «lvet 
nitrate  (p.  70)?  - 

4.  What  weight  of  rust  may  be  obtained  from  10  g.  of  oxygen?    ' 

5.  How  much  silver  is  contained  in  100  g.  of  an  impure  specimen 
of  silver  chloride  which  is  33  per  cent  sand?  • 

f  1        6.   If  26  g.  of  mercuroUB  oxide  are  required  to  give,  by  heating, 
'.'  I  g.  of  oxygen,  what  is  the  formula  of  the  substance? 

7.  What  are  the  formulae  of  the  substances  possessing  the  follow- 
ing percentage  compositions  (p.  72). 


Hagnesium,    26.97  Sodium,     32.43  Poteamum,      26.585 

Cblnine,         74.43  Sulphur,    22.G£  Chromium,      35.390 

Oxy^n,     45.02  Chygen,  38.025 
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8.  What  are  the  perceDtage  compoeitioDa  of  haustnaiuute 
Mii)0(,  potassiiim  bromide  KBr,  ferrous  sulphate  FeS04? 

9.  What  weight  of  hydrogen  is  required  to  reduce  100  g.  of  ferric 
chloride  FeCU  to  ferrous  chloride  FeCIt  (hydrogen  chloride  HCl  is 
formed)? 

10.  Which  law  of  chemistry  permits  us  to  use  symbols  in  expreae- 
ing  the  compositions  of  substances? 

11.  Calculate  the  formula  of  the  oxide  of  tin  formed  when  2  g. 
of  tin  give  2.54  g.  of  the  oxide. 
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Wb  b^in  the  more  ByBtematic  study  of  chemistry  with  ox^^en, 
for  it  18  a  most  interesting  as  well  as  useful  substance.  It  is  the 
active  substance  in  the  air.  We  depend  upon  it  for  life,  ^nce  in  its 
abeence  we  suffocate,  for  beat,  since  wood,  coal,  and  gas  will  not  bum 
without  it,  and  even  for  light  where  oil,  gas,  or  a  candle  is  employed. 

We  wish  to  know  with  which  substances  we  use  in  the  laboratory 
it  can  combine,  as  well  ae  the  substances  on  which  it  has  no  action. 
This  information  will  show  us  how  to  work,  in  future,  without  inter- 
ference from  the  oxygen  in  the  air  and  whether  oxygeia  has  probably 
played  a  part  in  some  experiment  or  not. 

We  take  up,  then,  (1)  the  history  of  the  element,  (2)  what  mate- 
rials contain  oxygen  (ocourmui*),  (3)  how  we  can  obtain  it  in  a 
pure  state  (pnparatlon),  (4)  what  its  speoiflc  pbyiioal  propartiaB  as  a 
substance  are,  and  (5)  what  it  does,  and  what  it  can  not  do  in  nature 
and  in  the  laboratory  (chamleal  prop«rtiM).  The  classification  of 
the  facts  about  this,  and  other  substances,  under  five  heads  is  some- 
what mechanical,  but  has  the  advantage  of  enabling  the  reader 
quickly  to  find  any  required  information. 

History  ef  Oxygen^  —  While  many  elements  which  are  less  eadly 
obtainable  than  oxygen  have  been  recf^nized  as  distinct  substances 
for  many  centuries,  oxygen  did  not  attain  this  position  until  the  end 
oi  the  eighteenth  century.  The  reason  of  thia  was  that  gases  are 
not  so  easy  to  handle  and  distinguish  as  are  solids  or  liquids,  and 
consequently  very  slow  progress  was  made  in  the  study  of  them. 

The  Chinese,  in  or  before  the  eighth  century;  knew  that  there 
were  two  components  in  the  sSr,  and  that  the  active  one,  yin,  com- 
bined with  some  metals,  and  with  burning  sulphur,  and  charcoal. 
They  even  knew  that  it  could  be  obtained  in  pure  form  by  heating 
certain  minerals,  of  which  one  was  saltpeter.  Leonardo  da  Vinci 
(1451-1519)  was  the  first  European  to  state  that  the  wr  contained 
two  gases.  Mayow  (1669)  measured  the  proportion  of  oxygen  in 
the  air  and  (tiacussed  fully  its  uses  in  combustion,  rusting,  vinegar- 
79 
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makii^,  and  respiration,  but  did  not  make  a  pure  sample.  Hales 
(1731)  made  it  by  heating  saltpeter,  aad  measured  the  amount 
obtainable,  but  did  not  see  any  connection  between  it  and  the  air ! 
Bayen  (April,  1774)  was  the  first  to  make  it  by  heating  mercuric 
oxide.  Priestley  *  was  particularly  interested  in  examining  the  nature 
of  the  gases  which  were  evolved  by  some  materials 
when  heated.  His  plan  was  to  fill  an  elongated  glass 
vessel  with  mercury  (Fig,  25);  to  invert  this  in  a 
trough  filled  with  the  same  metal,  and,  after  allow- 
ing the  substance  under  examination  to  float  up  mto 
the  top  of  the  tube  above  the  mercury,  to  expose  it 
]  to  the  rays  of  the  sun  concentrated  by  a  large  burn- 
ing lens.  Priestley  found  (Aug.  1,  1774)  that  one 
'"■  "■  material,  then  known  as  "mercurms  caidnatua  per  se" 

(mercuric  oxide),  gave  off  an  unusual  amount  of  a  gas,  or  "air"  as 
he  called  it.  Quite  purposelessly,  as  he  admits,  he  thrust  a  lighted 
caudle  Into  it  and  was  deUghted  with  the  extreme  brilliance  of  the 
flame.  He  had,  however,  no  notion  until  a  year  later  that  it  was  a 
component  of  the  air.  Even  then,  he  thought  it  was  a  compoimd  of 
nitric  acid,  earth,  and  phlogiston!  Scheele,  a  Swedish  apothecary, 
had  made  it  in  1771-2  from  no  less  than  seven  different  substances 
and  understood  clearly  that  atmospheric  oxygen  combined  with 
metals,  phosphorus,  hydrt^en,  linseed  oil,  and  many  other  substances. 
But  his  book  was  not  published  until  1777, 
and  Priestley  is  usually  credited  with  the 
"discovery"  of  the  elementl 

Lavoisier  at  first  (1773-5)  thoi^ht  that 
BIT  was  composed  of  nitrogen  and  "fixed  air" 
(carbon  dioxide).  Although  Priestley  had 
dined  with  him  (Oct.,  1774),  and  'commu- 
nicated his  discovery,  so  far  as  he  understood  r,a.  x. 
it  himself,  yet  when  La  voider  heated  mercuric 
oxide  in  Marchf  1775,  he  expected  to  obt^n  "fixed  air."  Later  in 
the  same  year,  Lavoisier  held  that  air  contained  no  "fixed  air,"  and 
was  made  up  of  a  single  gas.  It  was  not  until  1777  that  he  heated 
the  metal  mercury  in  a  retort  (Fig.  26),  the  neck  of  which  projected 
into  a  bell-jar  standing  in  a  larger  dish  of  mercury.  The  air,  thus 
enclosed  within  the  jar  and  the  retort,  during  twelve  days  lost  one- 
*  An  English  n<HicoDformist  nuoieter  who  occupied  his  Idmiie  time  witb 
experimeDtH  in  chemiBtiy.  He  afterwards  moved  to  the  United  States,  and  died  - 
in  Northumberland,  Pa. 
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fifth  of  its  volume.  Simultaneously,  red  particles  of  mercuric  oxide 
accumulated  on  the  surface  of  the  mercury  in  the  retort.  The 
leadual  gaa  no  longer  supported  life  or  combustion,  and  hence  was 
named  by  Lavoisier  "azote"  (Gk.  d,  priv.  and  f<m},  bfe).  In  English 
it  is  called  nitrogen.  The  oxide,  on  being  heated  more  strongly 
by  itself,  gave  off  a  gas,  the  volume  of  which  exactly  corresponded 
with  the  shrinkage  undergone  by  the  enclosed  ^r,  and  this  gas  pos- 
sessed in  an  exa^erated  degree  the  properties  which  the  air  had  lost. 
The  proof  that  oxygen  was  a  component  of  the  atm<»phere  was 
therefore  complete.  Lavoisier,  in  the  mistaken  belief  that  the  new 
element  was  an  essential  constituent  of  all  sour  substances,  named 
it  oxntn,  or  acid-producer  (Gk.  ifA,  an  acid,  ytyySy,  to  produce). 
Cavendish  pointed  out  almost  immediately  that  there  were  sour- 
tasting  substances  which  contained  no  oxygen,  so  that  the  name 
has  no  longer  any  mgnificanee.  It  may  here  be  noted  that  hydrogen 
is  the  only  element  which  is  found  in  fdl  acids. 

Occurrence.  —  As  we  have  seen  (p.  24),  nearly  50  per  cent  of 
terrestrial  matter  is  oxygen.  Water  contains  about  89  per  cent,  the 
human  body  over  60  per  cent,  and  common  materials  like  sandstone, 
limestone,  brick,  and  mortar  more  than  50  per  cent  of  this  element 
in  combination.  One-fifth  by  volume  (nearly  one^ourth  by  weight) 
of  the  air  is/rce  oxygen. 

Preparation  of  Oxygen.  —  L  The  oxygen  of  conuuerce  is  now 
made  chiefly  from  liquofl«d  air  (q.v.).  The  Uqiud  oxygen 
boils  at  —182.4°,  but  the  nltn^en  boils  at  an  even 
lower  temperature  (—194°).  As  the  liquid  air  has  a 
temperature  of  about  — 190°,  somewhat  above  that  of 
boiling  nitrogen,  the  latter  evaporates  much  more  freely 
than  the  oxygen.-  After  a  time,  when  the  remaining 
liquid  is  ahnost  pure  oxygen  (96%),  the  gas  coming  off 
is  compressed  by  pumpa  (100-150  atmos.)  into  the  steel 
cyhnders  (Fig.  27)  in  which  it  is  sold.  In  medicine, 
patients  suffering  from  pneumonia  or  suffocation  obtain 
acone  relief  by  inhaling  it  in  this  form.  It  is  also  used 
in  feeding  fiames,  instead  of  air,  when  intense  heat  is 
required  (see  acetylene  torch  and  calcium  light). 

2.   Unfortunately,  it  is  difficult  to  hberarte  oxygen 
from  nature'  laJxtaneoe.     Saltpeter  (potassium  nitrate       '^'''  "'  ' 
KNOt),  for  example,  which  is  found  in  many  soils,  and  can  be 
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diaaolved  out  with  water,  givee  off  oxygen  (p.  79)  only  wh^i  lused 
to  a  bright  red  heat  by  the  Bunsen  flame  or  blast  lamp.  But,  even 
at  this  temperature,  it  gives  up  only  one-third  of  the  oxygai  it  oon- 
taioa,  leaving  potassium  nitrite  KNOi: 

KNO,  -+  KNOi  +  0. 

The  mineral  pyrolusite  (manganese  dioxide  MnOi),  onployed 
by  Scheele,  requires  a  higher  temperature.  It  usu^y  contains 
the  elements  of  water,  also,  and  gives  off  water  vapor  at  the  same 
time.     An  oxide  of  the  composition  MniOt  remains: 

Skeleton:  MjiO,  ~*  MmO*  +  0. 

Balanced:  3MnO,  -»  M1UO4  +  20. 

3.  In  practice,  we  are  compelled  to  use  manufactured  sub- 
stances. Amongst  these  are  mercuric  oxide,  expenMve,  but  his- 
torically interesting  (p.  80);  barium  peroxide,  formerly  used  in 
manufacturing  oxygen  on  a  large  scale  (Erin's  process);  potasaium 
chlorate  (see  below),  the  most  convenient  for  laboratory  use;  and 
sodium  peroxide.  Many  other  substances  of  this  class  will  be 
encountCTed  in  the  sequel. 

Brin'a  Oxygen  Process.  —  This  starts  from  barium  tndde  ({.v.). 
Barium  oxide  BaO  closely  resembles  quicklime  CaO,  but  differs  from 
this  substance  in  the  fact  that,  when  heated  in  air  to  about  500",  it 
rapidly  acquires  additional  oxygen  and  gives  barium  peroxide  BaOj. 
When  barium  peroxide  is  raised  to  1000°,  this  extra  oxygen  is  given 
up  again.  Barium  oxide  contains  one  chemical  unit  wdght  each  of 
the  two  constituents  and  takes  up  another  unit  of  oxygen,  so  that 
the  equation  for  the  primary  action  is: 

BaO  +  O^BaO«. 

tlie  subsequent  decompodUon  of  the  peroxide,  during  the  stage  in 
which  the  oxygen  is  made,  is  the  exact  opposite:  BaOi  —*  BaO  +  O.* 
The  commercial  advantage  <^  the  method  lies  in  the  fact  that  the 
barium  oxide,  remuning  after  the  second  stage,  can  be  used  over  and 
over  again.  This,  as  will  be  seen,  is  in  reality  a  chemical  method  of  ■ 
obtaining  oxygen  from  the  air. 

*  Id  cases  where  on  acticm  is  reversible,  and  tbe  direction  depeada  cm  oooA- 
tiona  which  may  be  altered,  we  write  both  equations  in  one: 
BaO  +0*^BaO* 
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In  practice  an  improvement  on  the  above  principle  makes  working 
more  economical.  It  is  found  that  if  the  barium  oxide  is  maiuttuned 
&t  a  temperature  of  700°,  intermediate  between  the  two  just  men- 
tioned, oxygen  is  absorbed  when  air  is  forced  under  pressure  into  the 
tubes  containing  the  oxide.  A  valve  at  the  extremity  of  the  tubes 
permits  the  escape  of  the  nitrogen.  When  the  combination  with 
oxygen  is  completed,  the  pumping  apparatus  is  reversed  and,  a  partial 
vacuum  being  created,  the  oxygen  in  combination  is  ^ven  oS  without 
any  alteration  in  temperature  being  necessary.  Thus  a  great  waste 
of  fuel  ifl  avoided,  and  the  process  is  rendered  more  nearly  continuous. 

Oxygen  from  Potas^um  Chlorate.  —  This  is  a  white  cr)^tal- 
line  substance  used  in  lai^  quantities  in  the  manufacture  of  matches 
and  fireworks.  When  heated  in  a  tube  similar  to  that  in  Fig.  9,  it 
first  melts  (351°)  and  then,  on  bdng  more  strongly  heated,  it  effei^ 
vesces  and  gives  off  a  very  large  volume  of  oxygen.  Examination 
shows  that  the  whole  of  the  oxygen  it  contains  can  be  driven  out. 
The  white  material  which  remains  after  the  heating  is  potassium 
chloride  and,  when  decomposed,  it  yields  potassium  and  chlorine  in 
the  exact  ratio  of  their  atomic  weights.  Its  formula  is  thus  KCl. 
We  may  infer,  therefore,  that  the  composition  of  the  original  sub- 
stance will  be  representable  by  the  formula  KCIO^,  where  x  is  the 
number  of  atomic  weights  of  oxygen.  Measurement  and  calculation 
show  2  =  3.  The  formula  is  therefore  KClOi,  and  the  equation 
for  the  decomposition  (see,  however,  under  Ferchlorates) :  '' 

^ClOs -» KCl  +  30.  "      \  fj 

To  leam  the  VEiIue  of  x,  we  ascertain  the  lofia  in  weight  (—  OKygNt)  wluch  a 
known  quantity  of  potasmum  chlorate  sustaiiis  when  heated  in  a  hard  glaas  tube 
(Jotied  at  one  end.  By  subtraction  we  get  the  weight  of  potassium  chloride  for- 
meriy  combined  with  the  oxygen.  In  an  actual  expeiiment,  2.998  g.  of  potassium 
chlorate  gave  1.169  g.  of  oxygen  and  left  1.829  g.  of  the  chloride.  The  atomic 
weights  of  potaHaum  and  chlorine  are  39.1  and  35.46  respectively,  and  the  for- 
mula-weight  of  the  chloride  is  therefore  74.66.  Dividing  the  meaeured  weigbte 
of  ozygKi  and  potassium  chloride  by  the  corresponding  atomic  and  formula- 
w^^ts  (ff.  p.  72),  respectively;  1.169  -i-  16  =  0.07306  and  1.829  +  74.56  - 
0.02452.  We  observe  that  the  ratio  of  the  ijuotienta  ie  2.98  :  1,  or  almost  exactly 
3  ■■  1.    The  ftmnula  ia  therefore  0X3,  (KCl)  X  1,  or  KClOi. 

A  peculiarity  of  this  action  is  that  admixture  of  mai^anese  dioxide 
increases  very  nmrkedly  the  speed  with  which  the  decompoation  of 
the  potassium  chlorate  takes  place.     Hence,  in  its  presence,  and  it  ie 
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generally  mixed  with  the  chlorate  in  laboratory  experimenta  (Rg.  28), 
a  sufEcient  stream  of  the  gas  ia  obtained  at  a  relatively  low  tempersr 
ture  (below  200°,  see  p.  97).  Hales  (p.  80)  waa  the  first  to  collect  a 
gas  over  water,  in  order  that  it  might  be  kept  unmixed  with  tur. 


Familiarity  tetth  Physics  Required  in  the  Study  of  Chem~ 
iatry.  —  In  mentioning  chemical  phenomena,  it  ia  inevitable  that  conraderaliona 
of  space  should  limit  our  statements  to  the  merest  indication  of  the  process  and 
the  briefest  record  of  the  chemical  result.  The  prodigious  disproportiiHi  between 
the  meagemess  of  this  fragmsit  and  the  mass  of  detail  which  lies  behind  it  in  each 
case  should  be  constantly  before  the  mind  of  the  reader.  The  book  gives  empiri- 
cal knowledge,  the  laboratory  work  and  the  discusdon  of  it  furnish  the  only  real 
knowledge.  The  extent  and  nature  of  this  real  knowletlge  may  be  shown  in  con- 
nection with  any  action.  As  on  illustration  we  may  point  out  some  of  the  prob- 
lems which  the  heating  of  potassium  chlorate  presents  to  one  who  is  trying  to 
acquire  an  intelligent  acquaintanceship  with  its  chemistry,  and  has  not  previously 
dCne  the  experiment. 

First,  the  substance  melts.  It  must  be  rcahzed  that  this  ia  a  common  occur- 
rence which  does  not  necessarily  imply  any  profound  change,  and  may  be  reversed 
by  cooling.  Later,  the  liquid  appean  to  boil,  and  the  properties  d  a  boiling  sub* 
stance  must  be  known.  If  the  observer  has  been  informea  in  advance  that  the 
body  is  homogeneous,  he  must  know  that,  if  it  is  simply  boiling,  it  will  evaporate 
completely  and  leave  nothing  behind,  and  that  the  temperature  required  to  achieve 
this  will  remain  constant  from  the  beginning  to  the  end.  In  order,  therefore,  to 
become  aware  of  the  fact  that  here  decomposition  is  taking  place,  he  must  note  the 
ways  in  which  the  decomposition  of  potassium  chlorate  differs  from  ordinary  boil- 
ing. For  example,  if  it  were  a  case  of  boihi^,  he  should  expect  to  find  the  solid 
body  condensing  on  the  sides  of  the  tubes,  and  note  the  fact  that  no  such  conden- 
sation is  observed,  with  the  appropriate  inferences.  He  should  observe  that,  in 
the  later  stages  at  least,  the  escape  of  the  gas  does  not  cease  when  the  flame 
is  removed,  although  this  would  undoubtedly  occur  in  a  case  of  simple  boiling. 
He  must  further  observe  the  changes  in  the  consistency  of  the  material  and  the 
way  in  which  it  finally  becomes  thick  and  may  even  solidify.    Evm  the  most  ex- 
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perioQced  inveetigHtor  Vould  have  to  make  many  careful  experiments  before  be 
oould  definitely  cbHify  tbe  nature  of  the  phenomenon  being  observed.  The  first 
uJeKoce  would  probably  be  that  the  phenomenon  was  certainly  not  one  of  mere 
ebullition.  In  some  ways  it  is  like  the  evafwration  of  a  solution,  obtained,  say, 
by  tbe  melting  of  a  eubetanoe  in  its  own  water  of  ciyatallisation.  Yet,  this 
hypothesis  would  not  explain  to  the  thoughtiul  observer  ev^i  the  more  obvious 
features  of  'Uie  phe&omenfm,  for  the  liquid  which  was  acting  as  a  scdvent  would 
have  to  be  amarin^y  vobtile  if  the  absence  of  any  condensation  on  the  walls  of 
the  tube  was  to  be  accounted  for. 

The  illuBtratimi  meed  not  be  el^wi&tod  further.  These  remarks  are  sufficient 
to  show  that  even  the  simplest  experiment  preeente  an  almost  limitless  field  for  the 
discusairai  ol  impmtant  questions  which  are  more  or  less  common  to  all  chemical 
ph«iomena.  It  must  be  noted,  also,  that  chemical  change  is  in  itself  not  per- 
c^tible  by  the  senses,  and  that  only  phyaioal  properties  and  physica]  phenomena 
areobeK^ed(c/'.  pp.  47-49).  Thechemicalfacta,  such  as  the  general  nature  of  the 
change,  the  conditiixia  under  which,  and  the  facility  with  which  it  occurs,  are 
reached  solely  by  inference.  The  above  example  shows  the  ready  and  thorough 
knowledge  of  physics  which  must  be  at  the  command  of  every  individual  effort  to 
stn<fy  even  the  simpleBt  chemical  phenomenon.  It  is  only  when  the  physics  as 
well  as  the  chemistiy  of  the  change  have  been  mastered  that  the  "  real  knowledge  " 
to  which  rderence  was  made  above  has  been  gained. 

Oxygen  front  Sodium  Peroxide.  - —  Oxygen  can  be  obtained 
conveniently  from  sodium  peroxide  NsjOj 
and  water  HjO  by  means  of  generators  (Fig. 
29)  similar  to  the  acetylene  generators  used 
on  automobiles.  When  the  roetal  sodium  is 
burned  in  ^,  sodium  peroxide  is  obtained 
aa  a  powder.  This  powder,  after  being 
melted,  solidifies  in  compact,  solid  form,  and 
is  sold  as  "oxone."  The  oxone  is  bought  in 
a  small,  sealed  tin  can,  the  ends  of  which 
are  perforated  in  several  places  just  before 
use, '  When  the  valve  (B)  is  opened,  so  that 
the  oxygen  escapes,  tbe  water,  which  fills  the 
generator  almost  to  the  top,  enters  the  can 
(C)  by  the  holes  in  the  bottom  and  interacts 
with  tbe  oxone.  When  the  valve  is  shut,  the 
gas  continues  to  be  generated  imtil  it  has 
driven  tbe  water  down  agfun  below  the  level 
of  the  bottom  of  the  can: 
SktJ^n: 


Na,0»  +  H,O->  NaOH  +  0. 
Na<|0,  +  HitO  -♦  2NaOH  +  O. 
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This  method  is  convenient  because  it  works  at  room  temperature  and 
can  be  started  and  stopped  at  will.  The  sodium  hydroxide  produced 
is  very  soluble  in  water  and  remains  dissolved.  Note.that  the  name 
sodium  hydroxide  indicates  the  elements  which  compose  it. 

Spet^fic  Properties  o§  Two  Kinds,  Physical  and  Chemical. 

—  We  have  learned  that  every  substance  has  its  own  set  of  specific 
properties.  In  describii^  a  substance,  it  is  'convenient  to  divide' 
the  properties  into  two  classes.  The  list  of  substancee  with  which 
the  i^ven  substance  can  enter  into  chemical  coifibination,  for  ^- 
ample,  we  place  under  ip«ciflo  dwmioal  prtqMrttos.  Relations  of  the 
substance  to  any  of  the  varieties  of  chemical  change  (p.  21)  belong 
to  this  class. 

On  the  other  hand,  we  do  not  consider  melting  or  boiling  to  be 
chemical  changes,  so  we  place  the  temperatures  at  which  the  substance 
melts  (m.-p.)  and  boils  (b.-p.),  its  color,  etc.  (for  list,  see  p.  40) 
under  qwdfic  ptaysioal  ptopntiM. 

Properties  of  either  class  may  be  used  for  recognizing  a  substance. 

Specific  Physical  Properties  of  Oxygen.  —  Oxygen  resembles 
^r  in  having  neither  color,  taste,  nor  odor.  The  density  of  a  sub- 
stance is,  strictly  speaking,  the  weight  of  1  cubic  centimeter  (1  cc). 
In  the  case  of  a  gas,  we  frequently  prefer  to  give  the  weight  of  1000  cc. 
(1  hter),  at  0°  apd  760  mm.  (1  atmosphere)  barometric  pressure.. 
For  oxygen  this  weight  is  1.42900  grao^  (Morley).  The  corre- 
sponding weight  for  air  is  1.293,  so  that  oxygen  is  slightly  heavier, 
bulk  for  bulk,  than  air  (in  the  ratio  1.105  : 1).  Oxygen  can  be 
liquefied  by  compression,  provided  its  temperatiu^  is  first  reduced 
below  —118°,  which  is  its  critical  temperature  (?.».).  The  gas  is 
slightly  soluble  in  water,  the  solubility  at  0°  being  4  volumes  of  ^us 
in  100  volumes  of  water  (at  20°,  3  :  100). 

The  solubility  of  oxygen  in  water,  although  slight,  is  in  some 
respects  its  most  important  physical  property.  Fish  obtfun  oxygen 
for  their  blood  from  that  dissoUied  in  the  water.  With  lur-breathing 
animals  (like  man),  the  oxygen  could  not  be  taken  into  the  system, 
if  it  did  not  first  dissolve  in  the  moistiu*e  contained  in  the  walls  ol 
the  air  sacs  of  the  lungs,  and  then  pass  inwards  in  a  dissolved  state 
to  the  blood. 

Liquid  oj^gen,  first  prepared  by  Wroblevdd,  has  a  pale-blue 
color.  At  one  atmosphere  pressure,  that  is,  in  an  open  vessel,  it 
boils  at  —182.5°.  Its  density  (weight  of  1  cc.)  is  1.13,  so  that  it 
is  slightly  denser  than  water.     By  cooling  with  a  jet  of  liquid  hydro- 


gen,  Dewar  froie  the  liquid  to  a  snow-like  pale-blue  solid.    A  tube 
of  liquid  ox^en  is  noticeably  attracted  by  a'  magnet. 

Six  Specijic  Physical  Properties  cff  Each  Gaa.  —  Although 
every  substance  has  many  physical  properties,  we  sliall  mention  only 
those  which  are  used  in  chemical  work,  with  occaraonally  the  addi- 
tioD  of  any  peculiar  or  unexpected  quality.  It  will  aid  the  memory 
to  recall  the  physical  properties  of  a  gaa,  if  we  note  that,  aa  a  rule, 
onlr  Biz  physical  jovpartin  are  mentioned:  (1)  color,  (2)  taste, 
(3)  odor,  (4)  density,  (5)  ease  of  Uquefaction,  defined  by  the  critical 
temperature,  (6)  solubility,  usually  in  water  only. 

It  aliould  be  noted  that,  c^  tliese,  tlie  first  three  are  nerer  stated  quautita- 
tivdy.  Taste  and  odor  cannot,  at  present,  be  defined  on  any  abeolute  scale. 
Ctik^  could  be  defined  in  tenns  of  the  wave-lengths  <d  the  light  reflected  and 
tianHnitted,  and  of  the  relative  intensities  of  eaoh  w&ve-Iength,  but  cbrauists 
addoin  attempt  anything  ao  daborate.  On  the  other  hand,  the  last  three  are 
eomparatjvdy  easy  to  meSBure,  aad  are  always  stated  quantitatively.  Yet, 
in  the  case  ik  most  substancea,  even  familiar  oucfl,  careful  detenninations  have 
never  been  made.  Thus,  for  potassium  chlorate,  the  published  melting-pcjnts 
vary  from  324°  to  361*1 

SolubiUtlea  of  Gases  in  Non-Aqueous  Liquids,  —  Iron  and 
steel  are  oiled  to  prevent  rusting.  The  oil,  however,  does  not  pre- 
vent access  of  oxygen  to  the  metal,  for,  contrary  to  the  common 
impresfdon,  gases  are  roughly  ten  times  more  soluble  in  liquids  like 
petroleum  and  alcohol  than  they  are  in  water.  Water  hastens 
rusting,  and  the  oil  excludes  atmospheric  moisture,  WKse  water  is 
insoluble  in  oils. 

The  following  solubilities,  expressed  as  the  volume  of  the  gaa 
(at  760  mm.)  dissolved  by  one  volume  of  the  liquid,  illustrate  this 
point. 


ffatar. 

Aloohot. 

10- 

so* 

SO"                    0* 

CarbSadittdde     .  . 

0.229' 
O.ISfi 
1.31 

0.202 
0.117 
1.17 

0.02S        0.041 
0.014        0.020 
0,901         1.797 

0.2S4 
0.128 
4.329 

Specific  Chemical  Properties  of  Oxygen.  —  The  chemical 
properties  of  pure  o:^gen  are  like  those  of  atmospheric  oxygen,  only 
mrae  proDouuced. 
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Nojir^iuiallic  Elements.  —  Sulphur,  when  maed  in  ad't^nce  to 
the  temperature  necessary  to  start  the  action,  unites  vigorously  with 
oxygen  (Fig.  30),  giving  out  much  heat  aiui  pro- 
ducing a  familiar  gas  having  a  pungent  odor, 
sulphur  dioxide  SO3.  This  odor  is  frequently  * 
spoken  of  as  the  "smell  of  sulphur,"  but  in  reali^ 
sulphur  itself  haa  no  odor,  and  neither  has  oxy- 
gen. The  odor  is  a  property  of  the  compound  al 
the  two.  The  mode  of  experimentation  can  be 
chained  and  the  oxygen  led  into  sulphur  vapor 
through  a  tube.  The  oxygen  then  appeaiB  to 
bum  with  a  bright  flame,  giving  the  same  product 
as  before. 

Phosphorus,  when  set  on  fire,  blazes  in  oxy- 
gen very  vigorously  forming  a  white,  powdery, 
solid  oxide,  phosphorus  pentoxide  PiO|.  Burning 
carbon,  in  the  form  of  charcoal  or  hard  coal, 
glows  brilliantly  and  is  soon  burnt  up.  It  leaves 
an  invisible,  odorless  gas,  carbon  dioxide  CO). 
At  high  temperatures,  oxygen  combines  readily 
with  one  or  two  other  non-metals  (e.g.,  nlicon, 
boron,  and  arsenic),  and  to  a  small  extent  (1% 
at  1900°)  with  nitrc^n.  It  will  not  combine  di- 
rectly with  chlorine,  bromine,  or  iodine,  althou^ 
oxides  of  the  first  and  last  can  be, prepared  hy 
using  other  varieties  of  chemical  change.  With  the  six  members  of 
the  helium  family  (q.v.),  of  which  no  compounds  are  known,  and 
with  fluorine,  oxygen  forms  no  compounds. 

S  +  20  -» SO,. 
2P  +  50  ~*  P,0». 
C  -H  20  ~» C0». 

MdaUic  ElemerUs.  —  Iron,  as  we  have  seen,  rusts  exceeding 
slowly  in  air  (diluted  oxygen)  and,  even  when  red-hot,  gives  haminer- 
'  sc^e,  the  black  solid  which  is  broken  off  on  the  anvil,  rather  deliber- 
ately. In  pure  oxygen,  a  bmidle  of  picture-wire,  if  once  ignited,  will 
bum  with  surpriang  brilliancy,  throwing  off  sparkling  globules  of 
the  oxide,  melt«d  by  the  heat.  This  oxide  is  a  black,  brittle  sub- 
stance, identical  with  hammer-scale,  and  <hSerent  from  rust  (fenic 
oxide  FetOi).    It  contains,  in  fact,  a  smaller  proportion  of  oxygea 


than  the  latter,  and  is  called  magnetic  oxide  of  iron  Fei04,  iden- 
tical with  a  well-known  ore  of  iron. 

Skeleton:  Fe  +    0-»Fe»0,. 

Bdanced:  .  3  Fe  +  40  -»  Fe,0,. 

All  the  familiar  metals,  excepting  gold,  alver,  and  platinum, 
when  heated,  combine  with  oxygen.  Some  combine  more  vigor- 
oudy,  others  less  vigorously,  than  does  iron.  Oxides  of  the  three 
metals  just  named  can  be  made  by  varieties  of  chemical  phai^e 
other  than  direct  combination. 

Compaurul  SiAstances,  if  they  are  composed  largely  or  entirely 
ol  elements  which  combine  with  oxygen,  are  able  themselves  to 
interact  with  oxygen.  Usually,  they  produce  a  mixture  of  the  same 
oxides  which  each  element,  separately,  would  ^ve.  Hence,  wood, 
which  is  c(»npoBed  of  carbon  and  hydrogen  with  some  oxygen,  when 
burnt  in  oi^gen,  produces  carbon  <^oxide  and  water  (oxide  of  hydro- 
gen) in  the  form  of  vapor.  Again,  carbon  disulphide  bums  readily, 
giving  carbon  dioxide  and  sulphur  dioxide,  just  as  do  carbon  and 
sulphur,  separately.  Ferrous  sulphide  ^ves,  ramilarly,  sulphur  diox- 
ide and  magnetic  oxide  of  iron. 

Teatst  A  Teat  for  Oxygen,  —  A  tart  is  a  property  which,  because 
it  is  eaedly  rect^piized  (a  strong  color,  for  example),  or  for  some  other 
Buffi^ent  reason,  Is  commonlr  najAoyi  In  rwtofiiMng  a  BubBtuics. 

Oxygen,  as  we  have  seen  (p.  17),  when  pure,  ia  recognized  by 
the  fact  that  a  splinter  of  wood,  glowing  at  one  end,  bursts  into  flame 
when  introduced  into  the  gas.  Only  one  other  gas  (see  nitrous 
oxide)  behaves  dmilarly.  ^       ^ 

DetermirUng  Formulee  Again.  —  To  learn  the  exact  nature  of 
interactions  tike  those  used  as  illustrations  above,  quantitative  ex- 
periments must  of  course  be  made. 
Thus,  for  example,  a  known  weight  of  — ie:^^ 
sulphur  b  placed  in  a  porcelain  boat 
(fig.  31),  which  has  already  been 
weighed.  The  U-shaped  tube  to  the 
right  contains  a  Bolutton  of  potassium 
hydroxide  which  ia  capable  of  absorbing  the  resulting  gaa.  The 
oxygen  enters  from  the  left.  When  the  sulphur  is  heated,  it  bums 
in  the  tn^gen,  and  the  loss  in  weight  which  the  boat  undergoes 
^0W8  the  amount  of  sulphur  consumed.    The  gain  in  weight  of  the 
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U-tube  shows  the  weight  of  the  oompouDd  produced.  By  subtract- 
ing, we  get  the  quantity  of  oxygen.  The  proportion  of  the  con- 
stituents and  the  steps  in  the  calculation  (p.  72)  are  as  follows: 


At.  fff.  PiooR  +  IMl 

Sulphur,        fi0.05       -      32.06      X     1.561      -     S  X  1.861        8  X  1 
Oxygen,        49.95       -       16.00      X    3.122      -     O  X  3.122       0x2 

The  formula  of  the  product  is  therefore  SOi  and  the  equation  (p.  73) 
is  S  +  20  -» SO,. 

Similarly,  phosphoric  anhydride  may  be  shown  to  have  the  for^ 
mula  FiOt,  carbon  dioxide  COt,  and  magnetic  oxide  of  iron  FeiO|. 

The  rcBuIta  given  by  the  experiment  deecribed  above  (Rg.  31)  are  ueually 
inexact.  He  tendency  to  the  fonnation  of  sulphur  trioxide,  often  heightened  by 
catalytic  actitm  (see  below)  of  the  porcelain  of  the  boat,  raises  abnonnally  the 
pn^KHiioa  of  oxj'gen.  The  i»ijiciple  oi  the  expoiment  is  easy  to  undastaiid, 
bowent. 

In  the  ease  of  phoqthonu  a  similar  plan  may  be  used.  Instead  of  att«nptiiig 
to  receive  the  solid  pitxluct  in  a  U-tube,  however,  it  must  be  oau^t  by  a  phjg 
of  ^aas  wool  in  the  main  tube  of  haj^  ^sn,  and  a  drying  tube  will  be  needed 
at  the  end  to  prevent  aduuBmon  of  mrasture  from  the  air.  lie  increase  in  wei^t 
<A  the  hard  gUas  iuiie  repreaentB  the  oxygen  taken  up.  Care  and  leisurely  pov 
fonnanoe  are  needed  to  make  the  experiment  successful. 

The  same  method  used  with  sulphur  con  be  employed  for  carbon,  since  the 
carbon  dioxide  is  absorbed  by  the  potassium  hydroxide.  With  caiixm,  exact 
results  are  obttuned. 

Hie  data  and  working  in  these  cases  and  in  that  of  inm  are  as  follows: 

PuKsKTAoa  At.  Wt.  Faciob  +  0.m 


Phosphorus, 
Oxygon, 

43.86 
66.34 

Carbwi, 
Oxygen, 

27.27 
72.72 

Iron, 
Oxygen, 

72.38 
27.62 

1.408 

PX2 

3.521 

0X6 

*isn 

2.272 

CX  I 

4.546 

0X2 

+  0.4)1 

1.295 

FeX8 

1.726 

0X4 

Oxidea:  Nomenclature.  —  Substances  tontaining  one  element 
in  combination  with  oxygen  are  called  oxides.  When  the  same 
element  forms  more  than  one  oxide,  the  names  of  the  oxides  indicate 
the  differii^  proportions.  Thus  we  have  barium  oxide  (or  monoxide) 
BaO,  and  banum  peroxide  (or  dioxide)  6a0i,  magnetic  oxide  of 
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iron  Fej04,  ferrous  oxide  FeO,  and  ferric  oxide  FeiOt.  In  caaeH  like 
tbe  last  two  the  terminations  -oua  and  -u;  applied  to  the  m^al  cor- 
respond to  the  smaller  and  larger  proportions  of  oxygen,  respectively, 
which  the  metal  is  able  to  hold  in  combiruUion.  The  same  tenninationa 
are  used  to  distinguish  chlorides,  sulphides  (p.  59),  and  other  com- 
pounds, when  more  than  one  of  each  is  known. 

The  cUscussion  of  the  formation  and  properties  rA  ozone  iq.v.), 
which  ia  an  oxide  of  oxygen,  cannot  be  taken  up  until  we  are  in  pos- 
eesmon  of  the  means  of  understanding  tUe  difference  in  density  of 
tbe  two  substances  (Chap.  XII). 

Con^uatimt.  —  Since  oxygen  is  a  component  of  the  atmos- 
phere, chemical  actions  in  which  it  plays  a  part  are  familiar  in  daaly 
life.  Violent  union  with  oxygen  is  called  in  popular  language  cosn- 
tnution  or  burning.  Yet  ^ce  oxygsa  is  only  one  of  many  gaseous 
substances  known  to  tbe  chemist,  and  ^milar  vigorous  interactions 
with  these  gases  are  common,  tbe  term  has  no  scientific  significance. 
Tbe  union  of  iron  aiid  sulphur,  for  example,  (pves  out  Ugbt  and  heat, 
and  is  quite  «milar  in  tbe  chemical  point  of  view  to  combustion. 

Oxidation.  —  A  number  of  cases  of  the  union  gf  ^i  elementary 
substance  with  oxygen  have  been  referred  to  (pp.  88,  89).  In 
each  case  tbe  substance  was  heated  strongly  and  the  union  with 
oxygen  was  rapid  (combustion).  Cold  oxygen,  ^tber  pure  or  as  it 
is  found  diluteid  in  the  fur,  however,  acts  upon  cold  substances  in 
hke  manner.  One  difference  is  that  in  tbe  cold  the  action  is  mqch 
slower,  and  ondation  (rusting)  of  the  whole  spedmen  may  occupy 
months  or  even  years.  j\notber  difference  is  that  the  products  of 
slow  and  €i  rapid  oxidation  are  not  always  identical  in  compoEiitioQ 
and  properties.  In.  the  case  of  iron,  for  example,  burning  gives  ua 
the  magneticicmde  FeiOi,  while  rusting  in  moist  mr  yields  a  hydrated 
ferric  oxide  FeiO»  +  Aq.*  The  products  differ  in  compoation,  but 
are  nevertheless  closely  related. 

.This  process  of  slow  oxidation,  although  leas  conspicuous  than 
combustion,  is  really  of  greater  interest.  Thus  the  dsrar  of  wood  is 
amidy  a  proceea  of  oxidation  whereby  the  same  ultimate  products 
(namely,  carbon  dioxide  and  water)  are  formed  as  by  the  more 
raiud,  ordinary  combustion.    Again,  lai^e  volumes  of  pure  water 

*  Tbe  formulft  H(0  may  aot  be  used  excepting  to  indicate  a  definite  proportion 
of  the  elemeat«  (rf  wtiter  (18  parte).    Where  the  proportion  variee  according  to 
s,  asheteandin  theciiaeofsoluti<MiB,  thecoDtiaotionAq.iBeii4)loyed. 
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are  mixed  with  Bawftcra,  the  object  being,  not  ^tnply  to  dilute  the 
Ifttter,  but  to  introduce  water  coataining  oxygep  in  solution.  This 
has  an  oxidizing  power  like  that  of  oxygen  gas  and^  through  the 
agency  of  bacteria,  quickly  renders  dissolved  organic  matters  in- 
nocuous by  converting  them  for  the  moat  part  into  carbon  <^oxide 
and  water.  Thus  a  few  miles  further  down  the  stream,  the  water 
becomes  as  suitable  for  drinking  as  it  was  before  the  sewage  entered. 

lu  our  own  bodios  we  have  likewise  a  familiar  illustration  of  slow 
oxidatioD.  Avoiding  det^,  it  is  sufficient  to  say  that  the  oxygen, 
from  the  air  taken  into  the  lungs,  combines  with  the  hiranc^obin 
in  the  red  blood-corpuscles.  When  blood  is  placed  under  the  air 
pump,  it  effervesces,  and  oxygen  is  given  off  (Mayow,  1669).  In 
this  form  of  loose  combination,  it  is  carried  by  the  blood  through- 
out our  tissues  and  there  oxidizes  the  foodstuffs  which  have  been 
absorbed  duiing  digestion.  The  material  products  are  carbon  diox" 
ide  and  water,  of  which  the  former  is  carried  back  to  the  lungs  by 
the  blood-serum,  and  finally  reaches  the  air  durit^  exhalation.  The 
important  product,  however,  is  the  heat,  giv«i  out  by  the  oxidation, 
which  keeps  the  body  warm.  If  we  cease  to  eat,  we  become  lighter 
and  weaker,  showing  that  a  real  portion  of  our  structure  is  gradually 
being  consumed  by  oxidation. 

The  opposte  of  oxidation,  the  removal  of  oxygen,  is  spoken  of 
in  chemistry  as  roductlon.  But  this  term,  as  we  shall  see,  like  oxi- 
dation, has  been  stretched  to  cover  other  kind?  of  chemical  change. 

Vaea  cf  Oxygen.  —  A  number  of  the  practical  applioatjons  of 
oxy^n  have  alrwidy  been  mentioned.  For  example,  in  the  fore- 
going section  we  have  referred  to  its  use  in  breathing,  its  r61e  in 
decay,  which  is  a  beneficent  process  because  it  rennrres  much  use- 
less matter  which  ni^ht  otherwise  cause  disease,  and  its  value  in 
the  disposal  of  sewage.  Power  and  heat  for  commercial  purposes 
are  almost  all  obtained  by  the  burning  of  coal,  in  which  oxygen  from 
the  ^r  plays  a  large  part.  If  we  had  to  purchase  the  oxygen  as  well 
as  the  coal,  we  should  require  at  least  three  tons  of  (Hcygen  for  every 
ton  of  coal. 

Oxygen  in  cylinders,  and  from  oxygen  generators,  is  used  to  re- 
store the  supply  in  the  atmosphere  of  submarine  boats,  as  well  as 
for  the  purposes  already  mentioned  (p.  81). 

Substances  Indifferent  to  Oxygen.  —  Finally,  sduce  the  at- 
mosphere contains  so  large  a  proportion  of  oxygen,  subatancea  which 
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do  not  oxidize  and,  when  heated,  do  not  bum,  have  man?  uses. 
Gold,  »lver,  and  platinum  are  of  th^  kind  and  aie  used  for  omaments. 
The  last  is  used  for  crucibles  in  wMch  bodies  are  heated  in  the  labo- 
ratory. Althoi^h  iron  bums  in  pure'  oxygen,  it  does  not  oxidize 
rapidly  in  the  air  even  when  heated,  and  so  is  ui«d  for  making  vea- 
aais  for  cooking  and  in  cooBtructing  fire-pnx>f  buildings. 

Compounds,  already  fully  oxidized,  are  naturally  not  combus- 
tible. Of  this  nature  are  sandstone,  granite,  brick,  porcelain,  glass, 
and  water.  All  these  are,  therefore,  fireproof.  Moreover,  these 
substances  do  not  give  off  oxygfia  when  heated  (steam  decomposes 
slightly).  Glass  and  porcelain  thus  neither  lose  nor  gain  in  weight 
when  bested,  and  are  suitable  matertalB  for  laboratory  apparatus. 

Activity  and  Stability.  —  A  substance  which  enters  In  com- 
binatJon  vigorously,  as  does  oxygen,  is  called  chemically  active.  . 
Nitrogen,  on  the  other  hand,  is  relatively  inactive.  An  active  ele- 
ment, since  it  combines  eagerly,  naturally  holds  tenaciously  to  the 
cnatter  with  which  it  has  combined.  An  active  element  implies, 
tiierefore,  also  one  which  is  in  general  difiBcult  to  liberate  from  com- 
bination. Its  compounds  are  in  general  relatively  stable.  Thus, 
many  oxides,  and  the  natural  compounds  just  mentioned  (saud- 
stone,  granite,  brick,  and  porcelain,  the  last  two  made  from  clay), 
do  not  lose  oxygen  even  at  a  white  heat  and  are  very  stable. 

Meana  of  Altering  the  Speed  of  a  Given  Chemical  Action: 
By  Change  of  Temperature.  —  That  the  same  change  may  pro- 
ceed with  very  different  speeds  according  to  conditions  is  a  familiar 
fact.  For  example,  raising  tbn  tenqMiatun  increaBoa  tbo  r^dtbj 
of  all  "Hmw'm^i  fntaractloiu.  Thus,  cold  iron  combines  with  oxygen 
very  slowly,  ^ving  rust,  while  white-hot  iron  sheds  quantities  of 
scales  of  an  oxide,  formed  in  the  few  moments  that  it  is  under  the 
blacksmith's  hammer.  White-hot  coal  unites  with  oxygen  in  the 
air  to  form  carbon  dioxide  and  seems  to  disappear  before  our  eyes, 
while  in  the  cellar,  even  in  warm  weather,  we  observe  no  appreciable 
diminution  in  its  amount.  Careful  measurement,  however,  shows 
that,  when  stored  in  the  open  air,  coal  does  lose  from  2  to  5  per 
cent  of  its  heatii^  value.  When  air  is  largely  excluded,  say,  by 
storage  under  water,  there  is  no  loss.-  No  temperature  can  be  found 
at  which  the  interaction  definitely  be^ns.  We  believe  that  every 
such  change  proceeds  with  some  speed  at  every  temperature.  A 
roti^  estimation,  based  on  experiment,  shows  that  on  an  average, 
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other  ttiiQgs  bdng  equal,  merj  riM  In  tanq>«rature  of  tan  dtsnw 
doublet  tha  uuount  of  nutwial  chanced  per  avcond^  and  oonversely. 

If,  on  brining  two  materials  together,  the  chemist  observes  no 
marks  of  chemical  action,  he'  immediately  be^ns  cautiously  to  heat 
the  mixture.  This  appeal  to  the  m^nifyii^  effect  of  a  rise  in  tem- 
perature b  always  made  as  a  matter  of  course. 

The  common  expresaona  used  in  chemistry  in  describing  tenper- 
aturea,  along  with  the  corresponding  readings  of  the  thermometer, 
are  as  follows: 

Incipient  red  heat,  about  525°.    Yellow  heat,  about  1100°. 

Dark  red  heat,  "      700°.     Be^nning  white  heat,   "    1300°. 

Br^ht  red  heat,         "     950°.    White  heat,  "   1500°. 

Rapid  Se^-auataining  Chemictil  Action  and  Means  of  Ini- 
tiating it.  —  When  a  piece  of  wood  is  set  on  Ere  at  one  end,  the 
heat  produced  by  the  action  itself  r^ses  the  temperature  of  neigh- 
boring portions  until  thdr  speed  of  union  becomes  equal  to  that  of 
the  [>art  ori^nally  lighted.  In  this  way  the  whole  becomes  finally 
inflamed.  When  we  blow  the  blaze  out,  the  great  excess  of  cold  air 
suddenly  lowera  the  temperature  of  the  wood,  and  of  the  gas  riang 
from  it,  and  rapid  union  ceases.  Cold  water,  naturally,  lowers  the 
temperature  even  more  promptly.  Whether  a  given  set  of  materials 
can  maintain  itself  at  a  temperature  proper  to  violent  interaction 
will  depend  on  the  amount  of  heat  developed  by  the  action  itself, 
on  the  one  hand,  and  the  losses  of  heat  by  conduction  and  radiation 
on  the  other.  If  the  latter  are  great,  the  former  must  be  greater. 
Thus  the  union  of  iron  and  oxygen  per  se  gives  heat  enough  to  warm 
the  materials  to  the  burning  t^nperature  and  leaves  much  over  for 
radiation.  But  iron  in  Mr,  which  is  four-fifths  nitrogen,  can  receive 
the  oxygen  only  one-fifth  as  fast  at  the  start,  and  even  more  slowly 
as,  later,  the  nitrogen  accumulates  round  it.  And  besides,  all  the 
nitrogen  has  to  be  heated  to,  perhaps,  2000°.  The  task  is  too  great. 
The  union  is  impeded  and  the  iron  is  not  oxidized'  fast  enough  to 
generate  the  heat  required  to  maintain  everything  at  this  high 
temperature.  Poor  conductors  of  heat,  like  wood  and  candles,  fare 
better.  Powdered  iron,  with  its  particles  presenting  large  surface  to 
the  air  relatively  to  the  weight  of  material  in  each  particle  to  be 
heated,  bums  well. 

The  initial  supply  of  beat  required  to  Btart  violent  exothermal 
chemical  actions,  of  which  alone  we  are  here  speaking,  must  not  be 
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I  with  the  heat  subsequently  developed  aa  the  action  pro- 
ceeds. The  latter  is  usually  much  greater.  Indeed,  the  preliminary 
tapply  varies  with  circumstances,  and  may  be  made  as  small  as  we 
cbooae  by  Umiting  the  area  first  heated  and  using  ordinary  precau- 
tions against  radiation  and  convection.  In  practice,  a  single  spark 
fnxn  an  induction  coil  often  takes  the  plaoe  of  more  clunuy  methods 
rf  nuang  the  temperature.  The  heat  produced  by  the  interadum 
Mf,  however,  is  fixed  in  amount,  and  depends  only  on  the  materials 
and  their  quantity- 
Heating  is  not  the  only  means  used  to  gjve  the  initiiJ  acceleia> 
tioQ  to  a  self-sustaining  chemical  change.  The  materials  in  a  match- 
head  aie  capable  of  undergoing  a  great  transformation.  Yet,  bo 
dowly  does  this  proceed  at  ordinary  temperatures,  that  matches 
may  be  kept  in  efficient  conditjon  for  years.  Here  a  rather  violent 
vibration  is  employed  to  hasten  the  torpid  action  in  a  small  part  of 
tbe  material,  and  the  heat  produced  by  the  resulting  action  quickly 
ignites  the  whole. 

Tie  Tnijianifing  term,  HTwtUng  tomperatun,  ia  often  used  in  this  conneo- 
tUL  It  fytee  the  impiceauHt  that  there  is  a  definite  temperature  at  which 
embitttioD  will  Btart.  But  the  temperature  is  only  one  a!  the  conditiona  whidi 
pnxhioe  combustion.  Finely  powdered  iron  will  start  burning  at  a  lower  tem- 
pntnn  than  wiQ  an  iron  wire,  because  it  ■praaila  rdativdy  more  turfaee  to  the 
tn.  Kndjr  divided  lead,  known  as  "lead  pyrophorus,"  catches  fire  at  room 
tco^)satare.  Ag^n,  if  the  oxygen  is  at  less  than  one  atmosphere  preeauie,  the 
nie  wiD  lequiTe  to  reach  a  hifjter  temperature  before  combustion  will  bepn. 
^^uJly,  the  vapor  of  methyl  alcohol  and  air  requires  to  be  raised  above  a  ted 
bat  before  cmnbustion  Btarts,  but  a  pocket  ci^r-hghter  sets  fire  to  this  very 
■nature  by  me^iib  of  a  eonlocj  ogeTit  (a  thin  pUtinum  wire)  without  any  otha 
iDHiii  of  heating  being  required.  Bo  that,  the  conditions  under  which  com- 
toAioD  begina  involve  the  physical  condition  of  the  solid,  the  pressure  of  the 
ps  cr  T^MT,  the  presence  or  abseQce  of  a  contact  agent  imd  the  nature  of  the 
"wtKt  agent,  as  wdl  as  the  temperature.  No  definite  kindling  temperature 
(*»  be  given,  uateas  the  other  conditions  are  specified  also.  iTinifUnt  ooik' 
dUras  bvdve  several  variables,  of  which  the  temperature  i«  only  erne. 

Spontaneoiu  Cambustion.  —  Sometimes  a  mere  slow  oxidft* 
tioD  develops  into  a  combustion,  which  ia  then  known  as  ipoatuMout 
*"nbatlML  To  understand  this,  we  must  note  the  fact  that  a  ^vea 
weight  of  material,  say,  iron,  in  combining  with  oxygen  to  form  a 
Eiven  oxide,  will  liberate  the  same  total  amount  of  heat  whether  the 
™ion  proceeds  rapidly  or  slowly.  If  the  action  proceeds  slowly, 
ud  the  material  being  oxidized  is  freely  exposed  to  the  aii,  tbe  lat- 

I  ,i,z<,d.vGoogIf 
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ter  will  become  heated  and  will  carry  o£E  the  heat  as  fast  as  it  is 
produced.  Thus,  no  particular  rise  in  temperature  will  occur.  If, 
however,  the  material  is  a  poor  conductor  of  heat,  like  hay  or  ragSi 
and  there  is  sufficient  air  for  oxidation,  but  not  enough  to  carry  off 
the  heat,  the  heat  may  accumulate  and  a  temperature  sufficient  to 
start  combustion  may  be  reached.  Such  a  situation  sometimes 
arises  in  hay-stacks.  It  occurs  also  when  ra^,  saturated  with  oils 
used  in  making  paints  (lios^^  oil  and  turpentine),  are  left  in  a 
heap.  These  oils,  in  "drying,"  combine  with  oxygen  from  the  air 
and  turn  into  a  tough,  reeinous  material.  The  rags,  bdng  poor 
conductors  of  heat,  Snally  become  hot  enough  to  burst  into  flame, 
and  -serious  ccmflagrations  often  owe  th^r  ori|pn  to  causes  such  as 
this.  Oily  rags  should  always  be  disposed  of  by  burning,  or  should 
at  least  be  placed  in  a  closed  can  of  metal.  Fires  in  coal  bunkers 
of  ships  arise  from  the  same  cause,  alow  oxidation  (p.  93),  with  ac- 
cumuLttion  of  the  resulting  heat. 

Other  Means  of  Altering  the  Speed  of  a  Given  Chemical 
Chttnge:^  By  Change  in  Concentration;  by  Catalysis;  by  Solu- 
tion,—  Even  when  the  temperature  remains  constant,  there  are 
other  changes  in  the  conditions  {p.  41)  which  may  be  used  for  accel- 
erating or  for  moderating  the  speed  of  chemical  interactions.  The 
most  important  of  these  is,  a  change  in  the  c<aic«nlT»tlon  of  the 
interacting  Bubstances.  Another  is  the  presence  of  a  oatalytlo  or 
contact  scent.  The  condition  of  solution  m^t  be  accounted  still 
another. 

The  abatement  in  the  activity  of  the  oxygen  found  in  the  air 
(p.  94),  by  the  nitrogen  which  is  mixed  with  it,  is  a  question  of  con- 
centration. If  the  concentration  of  pure  oxygen  under  atmospheric 
pressure  is  taken  as  unity,  that  of  oxygen  in  air  is  only  about  0.2. 
And  the  speed  of  interaction  of  a  body,  other  things  being  equal,  is 
directly  proportional  to  its  concentration.  This  is  not  an  obscure 
law,  but  merely  common  sense  put  into  definite  language.  The 
opportunity  which  one  substance  has  for  getting  at  every  part  of 
another  will  be  one  factor  in  determinii^  the  speed  with  which  the 
resultii^  transformation  will  take  place.  And  this  opportunity, 
other  thin^  being  equal,  depends  on  the  thickness  or  density  with 
which  the  substance  is  scattered  in  the  region  of  action.  In  the 
case  of  a  gas,  this  factor  is  measured  by  its  partial  pressure.  Hence, 
lights  bum  badly  at  great  elevations,  where  the  oxygen  is  very 
tenuous.     On  the  other  hand,  powdered  charcoal,  which  bums  feet^ 
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in  common  air,  intemctfi  so  rapidly  when  ignited  in  liquid  air,  where 
the  oxygen  is  highly  condensed,  that  an  explosion  takea  place.  Again, 
whea  m^gen  ia  compressed  in  contact  with  barium  oxide  at  700°  it 
combines  to  form  the  dioxide  ^p'.  82);  when  the  pressure  of  the 
oxygen  in  contact  with  the  latter  is  reduced,  oxygen  is  liberated 
(see  Chemical  equilibrium). 

When,  without  any  change  in  temperature,  an  extra  substance 
increases  the  speed  of  a  chemical  change,  seemingly  by  its  mere 
presence,  without  itself  suffering  any  permanent  change,  we  call 
this  oatalartic  (Gk.  xara,  down,  Xunt,  the  act  of  loo^i^)  or  o<mtaot 
actlaxL  The  word  was  originally  used  for  cases  of  decomposition. 
The  foreign  body  is  called  the  catalytic  or 
contact  agent,  and  the   process  catalysis.  f] 

The  effect  of  manganese  dioxide  on  the  de-  Jj_ 

compoation  of  potassium  chlorate  {p.  83) 
ia  of  this  nature.  When  some  of  the 
dilorate  is  placed  in  a  fiask,  provided  with  a 
two-bole  stopper  and  exit  tube,  and  is 
melted  carefully  so  as  to  avoid  superheat- 
ing, scarcely  any  evolution  of  oxygen  can  i 
be  perceived  at  this  temperature  (351°). 
If  DOW  a  pinch  of  pulverized  manganese 
dioxide,  hitherto  held  in  the  closed  tube, 

be  dropped  into  the  molten  mass  by  turning  the  end  of  the  tube 
into  a  vertical  position  (Fig.  32),  the  oxygen  is'given  off  in  torrents 
in  consequence  of  the  enormous  acceleration  of  the  decomposition. 
To  avoid  injury  from  an  explosion,  it  is  advisable  to  wrap  the  flask 
in  a  towel,  before  turning  the  tube.  Yet  the  manganese  dioxide 
may  be  recovered  unchanged  from  the  residue.  Manganese  dioxide, 
of  course,  will  itself  give  oxygen  (p.  82),  but  the  decompoation  is 
hardly  notieeable  at  400°.  Oxone  (p.  85)  always  contains  a  trace  of 
cuprous  hydroxide,  which  hastens  the  action  on  water. 

It  is  found  that  many  actions  owe  what  appears  to  be  th^r  normal 
speed  to  the  presence  of  a  trace  of  water  vapor.  Thus  many  of  the 
elements  show  no  visible  tendency  to  unite  with  carefully  dried  oxy- 
gen, even  when  they  are  strongly  heated  in  it.  Addition  of  a  trace  of 
moisture,  however,  brii^  about  instant  combustion.  So  water  is  to 
be  r^arded  as  one  of  the  commonest  contact  agents. 

A  few  cases  of  retardatioD  of  an  action  by  a  catalytic  attent  are  known.  Thus 
B  UtUe  bensyl  alcoliol  or  mannite  added  to  the  solution  wiU  retard  the  oxidatioD  of 
■ulphiteB  by  the  air  (Bigelow).    Huux  nositive  and  ne^^tive  oatalyeia  both  oocuT. 
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The  effect  of  lolutioii  in  hastening  a  chemical  change  was  seen 
when  we  ^uimiaed  the  interaction  of  Bodium  chloride  and  mlver 
nitrate  (p.  19).  With  the  Bolutions  the  action  woe  seemii^ly  in- 
stantaneous. If  we  had  attempted  to  bring  it  about  by  nibbing 
the  dry  aubstances  in  a  mortar,  hours  of  work  would  have  left  much 
of  the  original  bodies  still  unchanged.  Elven  heating  would  not 
have  produced  so  prompt  an  effect.  It  is  obvious  that  the  intimate 
accesB  which  every  part  of  each  solution  gains  to  every  part  of  the 
other  accounts  to  some  extent  for  the  difference  (see  Ionization). 
Chemical  actions,  as  will  be  seen  in  the  sequel,  are  very  frequently 
carried  out  in  aqueous  solution  in  order  to  take  advantage  of  the 
favorable  influence  of  this  condition. 

Thermochemistry.*  —  Aa  we  have  seen  (p.  2S)  a  chemical 
change  may  be  accompanied  either  by  a  liberation  or  an  absorption 
of  heat.  Actions,  like  the  oxidations  in  the  present  chapter,  in 
which  heat  is  produced,  are  called  a»>tlMnii«l  actions.  Actions 
which,  like  the  decomposition  of  mercuric  oxide  (p.  17),  or  (rf 
barium  dioxide  (p.  82),  absorb  heat,  and  proceed  <mly  so  long  as 
heat  is  furnished,  are  called  sndotharnud  actions.  Since  the  activ- 
ities, or  affinities  of  two  substances  (say,  two  metals)  may  often  be 
measured  (p.  37)  by  observing  the  amounts  of  heat  liberated  when 
each  combines  with  a  third  substance  (say,  axygai),  it  will  be  in- 
structive now  to  confflder  some  of  the  elementary  facts  of  thermo- 
chemistry. 

The  chemical  interactions  to  be  studied  thermally  are  arranged 
so  that  they  may  be  carried  out  in  some  small  vessel  which  can  be 
placed  inMde  another  cont^ning  water.  The  whole  apparatus  is 
called  a  oalDrlntBter.  The  heat  developed  nuses  the  temperature 
of  the  water.  Where  gases,  like  oxygen,  are  concerned,  a  cloaed 
bulb  of  platinum  forms  the  inner  vessel.  The  quantity  of  heat 
cafiable  of  raising  one  gram  of  water  one  degree  in  temperature,  at 
15°,  is  called  a  calorie.  So  that  250  grams  of  water  r»sed  1"  would 
represent  250  calories,  and  20  grwns  of  water  rtused  5°  would  repre- 
sent 100  calories. 

While  in  physics  the  unit  of  quantity  b  the  gram,  in  chemistry 
the  unit  which  we  select  is  naturally  that  represented  by  the  formula 
of  the  substance.  Thus,  the  heat  of  combustion  of  carbon  means 
the  heat  produced  by  combining  twelve  grams  of  carbon  (charcoal)   . 

*  This  section  may  be  omitted  at  this  point,  and  can  be  taken  Mp  very 
i^qnopriately  in  connection  with  fuds,  under  carbon. 
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with  thirty-two  grams  of  oxygen,  and  is  sufficient  to  r^se  97,600 
graniB  of  water  one  degree.     This  is  expressed  as  follows: 

C  +  20  -» CO,  +  97,600  cal. 

In  other  words,  the  combustion  of  less  than  half  an  ounce  of  carbon 
will  raise  one  kilogram  (over  two  pounds)  of  water  from  0°  almost 
to  the  boiling-point. 

It  is  always  found  that  the  same  quantities  of  any  given  chemical 
substances,  sustaining  the  same  chemical  change  under  the  same 
conditions,  produce  or  absorb,  according  as  the  action  is  exothermal 
or  endothermal,  amounts  of  heat  which  are  equal. 

The  rate  at  which  a  ^ven  chemical  action  is  allowed  to  take  place 
has  no  influence  On  the  total  amount  of  heat  consumed  or  produced. 
It  may  not  at  first  sight  appear  obvious  that  rusting  evolves  heat, 
but  a  delicate  thermometer  will  show  that  a  heap  of  rusting  nails  is 
somewhat  higher  in  temperature  than  surrounding  bodies.  As  we 
have  seen  (p.  96),  poor  conductors,  like  oily  r^s  and  iU-dried  hay, 
show  a  tendency  to  spontaneous  combustion  owii^  to  accumulation  ' 
of  the  slowly  developing  heat  of  oxidation;  and  the  warmth  of  our 
own  bodies  is  due  to  the  same  cause. 

In  accordance  with  invariable  experience  expressed  in  the  law  of 
the  conservation  of  energy,  when  an  action  is  chemically  capable  of 
reversal,  the  contribution  of  the  same  amount  of  beat  which  it  de- 
velops will  exactly  suffice  to  drive  the  chemical  change  in  the  oppoute 
direction.  The  heat  contributed  is  smply  used  to  restore  the  amount 
of  chemical  energy  proper  to  the  original  system.  Thus,  the  union 
of  one  chemical  unit  weight  each  of  mercury  and  oxygen  (p.  80) 
produces  30,600  cal.: 

Hg  +  0  fc»  HgO  +  30,600  cal., 

and  the  decompoation  of  one  formula-weight  of  mercuric  onde  (p.  17) 
demands  the  same  amount  of  heat  in  order  that  free  mercury  and 
oxygen,  with  their  appropriate  proportions  of  internal  energy,  may 
be  recovered. 

In  practice  it  Is  found  that  all  chemical  changes  are  not  capable  of 
reversal  by  the  use  of  the  sources  of  heat  av^lable  in  the  laboratory. 
A  quantity  of  heat,  equivalent  to  that  produced  by  any  chemical 
action  on  a  small  scale,  is  very  easily  provided, -but  something  more 
appears  to  be  necessary.  The  heat  provided  must  be  of  a  cerbun 
kmpemiure,  otherwise  it  is  quite  ineffective.    For  example,  the  best 
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produced  by  the  union  of  calcium  and  oxygen  is  within  the  limits  of 
ready  measurement, 

Ca  +  0  -» CaO  +  131,000  cal., 

and  the  supply  of  this  amount  (or  even  of  unlimited  amounts)  of  heat 
to  calcium  oxide  (quicklime)  is  easily  achieved.  Yet  this  method  is 
quite  ineffective  to  produce  decomposition  (p.  23)  of  the  product. 
Apparently  we  have  not  sufficiently  high  temperatures  for  the  pur- 
pose at  oui  command  (see  Factors  of  energy). 

It  may  be  noted  in  this  connection  that  the  temperatuiee  requiied  to  produce 
reasonably  rapid  decompodtion  v&ry  vithin  a  ^/ide  range.  Some  aubetanceB 
can  be  kept  only  below  0",  aJid  deixtmpoae  when  allowed  to  become  warm.  Oth««, 
like  the  oxides,  of  gold  and  pUtmum,  require  a  htUe  ttgi^t'ne  (P'  122).  Many, 
like  quicklime,  are  not  broken  up  even  at  the  temperature  of  the  electric  arc. 
When  the  enra^  is  applied  in  the  form  of  dectricity  (p.  28),  inetead  of  best,  the 
range  is  incomparably  more  eaoly  within  the  reach  of  the  means  ordinarily  at  our 
disposal.  Th«re  is  no  substance,  provided  it  is  of  mich  a  nature  aa  to  be  affected 
.  by  the  electric  current  at  all,  which  cannot  be  decompoaed  by  a  current  with  an 
E.M.F.  of  10  Tolta  or  leas,  while  currents  of  110  volte  and  over  are  commonly 
accessible.  It  is  partly  on  this  account  that  electrical  proceflseB  have  become  w 
coromon  in  induetria]  chemistry. 

One  of  the  most  important  principles  of  thennochemistry  is  the 
law  of  cooBtant  boat  aummatlon.  If  a  system  of  substances  can  be 
transformed  into  another  system  of  substances  by  different  stages  or 
by  more  than  one  route,  then  the  algebraic  sum  of  the  heats  absorbed 
or  produced  in  the  various  routes  is  the  same.  Thus,  barium  oxide 
might  be  formed  either  directly  from  the  proper  proportions  of  the 
constituents,  or  indirectly  by  preparing  the  dioxide  (p.  82),  and  then 
driving  out  half  of  the  oxygen  contained  in  the  latter.  The  quan- 
tities of  he^t  involved  in  these  two  routes  are  as  follows: 

Direct:  Ba  +  O  -» BaO ,  -|- 124,400  cal. 

I  A  ^-  (Ba  +  2O-*BaO,-|-141,600cal.  (1) 

inaxrea.  t  BaO,-*  BaO  -HO- 17,200  cal.  (2) 

Ba  +  0  ^  BaO  +  124,400  cal.  (3) 

When  equations  (1)  and  (2)  are  added  algebraically,  cfmceling  terms 
such  as  Bad  and  0,  which  are  common  to  both  sides  of  the  final 
equation,  the  fact  that  the  indirect  route  is  exactly  equivalent  to 
the  direct  one  is  at  once  apparent,  and  the  balance,  in  favor  of  heat 
produced,  is  124,400  calories  as  before.    If  in  such  cases  tbe  sum 
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c^the  heats  were  not  the  stune,  it  would  follow  that  hy  using  different 
plans  of  procedure  we  could  prepare  different  specimens  of  the  same 
substance  cont^ning  different  proportions  of  chemicfU  energy. 
This,  however,  we  have  never  been  able  to  do. 

The  quantities  of  heat  liberated  in  two  chemical  charges  are  often 
measures  of  the  relative  amounts  of  avulable  chemical  energy  in  the 
systems  before  the  change,  and,  therefore,  often  furnish  a  measure  of 
the  relative  chemical  activities  of  the  two  sets  of  substances.  The 
comparison  may  safely  be  made  in  certain  cases  when  the  conditions 
under  which  the  two  actions  take  place  are  precisely  ahke.  Formeriy 
it  was  supposed  that  the  heat  liberated  was  always  proportional  to 
the  chemical  activity  of  the  substances,  but  we  have  already  shown 
cause  CpP-  35,  37)  why  this  general  statement  cannot  be  true. 

It  should  be  noted  that  production  or  absorption  of  heat  is  not, 
in  itself,  an  evidence  of  chemical  action.  Physical  changes  are 
likewise  accompfuded  by  the  same  phenomena.  Thus,  the  evapora- 
tion of  water  absorbs  heat,  and  condensation  of  a  vapor  and  the 
crystallisation  of  a  supercooled  liquid  liberate  heat. 

Exerdaea.* — 1.  Enumerate  other  instances,  already  encount- 
ered, of  the  use  of  the  terminations  ous  and  ic  to  distinguish  different 
degrees  of  oxidation.  For  what  other  purposes  have  the  same 
tenninationa  been  used? 

2.  What  difference  in  composition  between  potasdum  chlorufe 
and  chlorate  are  the  terminations  designed  to  indicate?  Applying 
the  same  idea,  how  would  ferrous  sulphate  (g.v.)  differ  from  ferrous 
sulpbuie,  and  cupric  sulphate  from  cupric  sulphide? 

3.  Define  fuid  illustrate:  density  of  a  gas  (p.  86,  and  see  p.  Ill), 
density  of  a  solid  or  liquid  (pp.  3,  86). 

4.  Enumerate  the  classes  of  facts  ^ven  under  the  heads  of, 
PhjTEdcal  Properties,  and  Chemical  Properties  of  oxygen,  respectively. 

5.  Construct  the  equations  for  the  combustion  of  phosphorus, 
carfooD,  and  iron  in  oxygen  (pp.  90,  91). 

6.  What  w^ht  of  oxygen  may  be  obtained  by  heating  30  g.  of 
barium  dioxide  (p.  82)?  In  solvii^  this  problem,  pay  minute  atten- 
tion to  the  rules  (p.  75). 

7.  When  1  g.  of  sodium  bums  in  oxygen,  it  produces  1.7  g.  of  the 
oxide.    What  b  the  formula  of  the  latter,  and  the  equation  (p.  72)? 

8.  How  should  you  show  that,  in  the  niftkipg  of  oxygen  from  a 
mixture  of  potassium  chlorate  and  manganese  <£oxide,  the  latter 

*  See  footnote  to  p.  26. 
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remains  unchanged?    Which  properties  (p.  40)  are  you  em[doying 
for  this  purpose? 

9.  The  substances,  like  phosphorua  and  sulphur,  which  burn 
rapidly  in  ordinary  oxygen,  combine  very,  very  slowly  (even  when 
heated)  with  oxygen  which  has  been  freed  from  moisture  by  careful 
drying.     How  is  this  effect  of  water  to  be  classified? 

10.  Discuss  the  union  of  iron  and.sulphur  (p.  16)  and  the  deoom- 
poBition  of  mercuric  oxide  (p.  17)  in  th^r  relation  to  the  ej^lana- 
tions  on  pp.  94-95. 

11.  How  many  calories  are  required  to  raise  500  g.  of  a  Bubsttmce 
of  specific  heat  0.5  from  15"  to  37°  (p.  98)? 

12.  The  combustion  of  1  g.  of  sulphur  to  aulphur  dioxide  de- 
velops 2220  calories.  What  is  the  heat  of  combustion  of  sulphur 
(p.  99)? 

13.  Outhne  briefly  the  proof  that  thennochemical  data  are  not 
accurate  measures  of  chemical  activity  (p.  35). 

14.  What  percentage  by  weight  of  free  oxygen  is  obtained  Iq' 
heating:  (a)  mercuric  oxide,  (b)  potassium  nitrate,  (c)  potasaum 
chlorate?  At  Sl.dO  (6/8),  10.15  (8d),  and  S0.15  (8d)  per  kilogram, 
respectively,  which  is  the  cheapest  source  of  oxygen? 

15.  Using'the  data  on  p.  86,  calculate  the  weight  of  oxygen  dis- 
solved by  100  C.C.  (=  100  g.)  of  water  at  20°. 

16.  Why  does  a  forced  draft  make  a  Are  bum  more  rapidly? 

17.  Why'does  a  naked  flame  eometimea  cause  an  exptosioD  in  a 
mine,  when  the  air  of  the  mine  is  filled  with  coal  dust? 

18.  When  iron  wire  bums  in  oxygen,  the  oxide  of  iron  falls  in 
*  melted  globules,  and  no  smoke  is  produced,  while  when  phosphorus 

is  burned,  all  the  oxide  goes  off  as  snoke,  and  nothing  remains  in  the 
spoon.    Explain  this  difference. 
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CHAPTER  VI 
TBI  HUSUBZHKUT  07  QUAHTITT  IN  OASU 

We  bave  spoken  of  measuring  the  proportion  by  weight  of  the 
dzygen  uaed  in  several  chemical  changes,  but  in  our  illustrations  we 
have  never  weighed  the  gas  itself.  We  have  always  {e.g.,  p.  90) 
obtained  its  quantity  by  subtracting  the  weights  of  sohd  or  liquid 
bodies.     In  practice  this  method  often  serves  the  purpose. 

Our  preference  for  weighing  as  a  means  of  aacert^uing  quantity 
of  matter  is  largely  due  to  the  fact  that  the  weight  is  independent  of 
the  phymcal  or  even  chemical  condition  of  the  substance.  Yet,  with 
proper  precautions,  we  may  learn  the  quantity  of  matter  by  means  of 
any  other  attributes  which  are  proportional  to  it.  Now  the  volume 
is  such  an  attribute.  In  determining  the  quantity  of  a  liquid,  where 
rapidity  with  no  extreme  accuracy  is  desired,  the  volume  is  frequently 
measured.  In  the  case  of  gases  the  error  made  in  measuring  the 
vcdume  is  leas,  as  a  rule,  than  in  measuring  the  weight. 

The  Variable  ConcentratMm  of  Gasea.  —  A  little  experience 
with  gases  soon  shows  ua  that  measurement  of  volume  alone  does 
not  necessarily  give  any  definite  idea  of  the  quantity  of  matter 
present.  The  denseness  with  which  the  gaseous  matter  is  packed 
(the  etnuMntratlon  of  the  gas)  in  the  vessel  must  somehow  be  defined, 
as  well  as  its  volume,  in  order  that  there  may  be  specification  of  the 
quantity  of  matter. 

Gaaee  vary  maikedly  in  chemical  activity  with  changee  in  tbeir  concentration 
((^.  p.  M),  and  thus  the  conmderation  of  this  condition  (p.  41)  is  continually 
forced  upon  the  chemist.  Solida  and  liquids  do  not  alter  their  denaeneaa  of  pack- 
ing (eoncentrstion)  very  noticeably  even  when  oomprcAed  severely  or  changed  in 
temperature.  So  that  concentration  need  not  be  conaidered  in  the  case  of  pure 
bodies  in  the  odid  or  liquid  forms.  Such  Bubetanoee  oan  be  scattered  through  a 
vaiiable  space  by  solution  in  some  solvent,  however,  and  then  their  degree  of 
pfting  or  oonceotration  becomes  an  important  factor  in  their  chemical  behavior 

■lH>. 

The  principle  used  for  estimating  the  concentration  of  a  gas  may 
be  illustrated  by  means  of  the  arrangement  in  Fig.  33.    Except  that 
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a  little  gaa  (any  gas  will  do)  remainfl  shut  off  by  the  mercury  in  the 
left  limb  of  the  tube,  the  whole  apparatus  has  been  evacuated.  The 
reservoir  can  be  turned  upward,  and  thus  lai^r  amounts  of  mercury 
may  be  introduced  into  the  tube. 

Now  the  portion  of  the  mercury  below  the  dotted  line  is  eaaen'- 
tially  a  balance,  that  is  to  say,  it  wiU  move  in  one  direction  or  the 
^ ..  other  if  the  stresses  on  either  side  change. 
At  present  these  stresses  must  be  equal. 
On  the  right  pan  of  the  balance,  so  to 
speak,  the  stress  ia  represented  by  the 
weight  of  the  column  of  mercury  above 
the  dotted  line.  As  there  is  nothing  in  the 
tube  above  this  mercury,  the  weight  of  the 
latter  is  all  that  this  side  of  the  balance 
sustains.  On  the  left  pan  of  the  balance 
there  must  be  an  equal  stress,  and  this 
stress  can  be  caused  only  by  the  gas  con- 
fined in  the  shorter  limb.  The  nature  of 
a  gas  suggests  that  this  stress  must  be  ex- 
CTdsed,  on  the  walls  of  the  tube  also,  al- 
though they  naturally  do  not  exhibit  its 
effects.  This  stress  we  call  the  pmran  <^ 
the  gas. 

The  height  of  the  surface  of  the  mercury 
on  the  light  above  that  on  the  left  having 
been  measured,  more  mercury  may  now  be 
added  from  the  reservoir,  and  the  difference 

in  the  two  levels  again  noted.    The  gas  can- 

'    Fia.  33;  ^o*  'i*'^^  diminished  in  amount,  yet  it  now 

occupies  a  smaller  space,  and  is,  therefore, 
packed  more  closely  —  its  concentration  is  greater  than  before.  If, 
for  example,  the  difference  in  level  is  now  twice  as  great,  it  will  be 
found  that  the  concentration  of  the  gas  is  also  twice  as  great  (its 
volume  having  become  half  of  the  original  volume).  Whatever 
amount  of  mercury  is  added,  we  shall  always  find  that  the  con- 
centration of  the  gas  is  proportional  to  the  height  of  the  mercury. 
But  this  in  turn  is  proportional  to  the  weight  of  metal.  The  weight 
of  mercury  on  one  side  must,  therefore,  be  equal  to  the  stress  or 
pressure  or  tension  of  the  gas  on  the  other  side  which  balances  it. 
Hence,  tb«  conoentrationi  of  a  sample  of  any  gai  an  proporttcmal 
to  tlw  corTMpoiuUiic  preuuroB  it  wwrdMs.     We  detennine,  ther^ore, 
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the  denaeness  with  which  any  sample  of  gas  is  packed  by  measuring 
its  pressure. 

Method  of  AlUneing  for  Varying  Concentration  in  Measur- 
ing Quantity  in  Gases.  —  The  pmiciple  just  stated  is  applied  to 
the  measurement  of  the  quantity  of  matter  in  a  sample  of  gas  by  per- 
mittii^  the  concentration  of  the  sample  to  alter  until  it  is  equal  to 
that  of  the  atmosphere  at  the  moment.     Then  we  read  off  the  volume    . 
now  occupied,  and  dmultaueously  we  ascertain  the 
pressure   by  observing   that  of   the  atmosphere. 
Each  of  these  two  operations  is  facilitated  by  a 
special  arrangement  of  apparatus. 

A  gas  to  be  measured  is  always  confined  so 
that  some  liquid  constitutes  one  part  of  the  barrier 
to  its  escape.  Tlie  very  amplest  form  of  the  ap- 
paratus is  shown  in  Fig.  34.  To  render  the  con- 
centration (and  pressure)  of  the  gas  equal  to  that 
of  the  atmosphere,  the  cylinder  containing  the  gas 
is  lowered  (or  raised)  until  the  levels  of  the  liquid 
inside  and  outside  are  the  same.  When  the  sys- 
tem is  in  this  condition  the  stress  of  the  gas  on  the 
inner  surface  must  be  equal  to  that  of  the  atmos- 
phere on  the  outer  one,  otherwise  movement  of 
the  Uquid  would  occur.  The  volume  of  the  gas 
is  then  read  directly  from  the  graduation  on  the 
cylinder.  Often  the  cylinder,  or  other  vessel,  is 
closed  with  a  groimd-^lass  plate,  placed  quickly  in 
erect  poration,  and  weighed.  The  weight  of  water 
which  is  then  required  to  fill  it  to  the  brim  gives 
more  exactly  the  volume  occupied  by  the  gas  (1  g.  fio.  84. 

water  =  1  cc).  When  special  modes  of  admitting 
or  hfmdliug  the  gas  have  to  be  provided  for,  the  apparatus  may  be 
more  complex.  But  the  principle  of  adjustment  is  always  the  same. 
In  exact  work,  mercury  is  employed  to  confine  the  gas.  Water 
serves  the  purpose  of  rough  work  with  gases  which,  like  oxygen,  are 
but  slightly  soluble  in  it.  When  water  is  used,  the  volume  is  too 
great  by  the  space  occupied  by  the  vapor  of  the  water  which  is  mixed 
with  the  gas  (see  Mixed  gases,  p.  Ill),  and  a  correction  must  always 
be  made  on  this  account. 

The  pressure  or  ten«on  of  the  atmosphere  at  any  moment  is 
measured  by  means  of  a  amplified  form  of  the  apparatus  in  Fig.  33. 
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The  reservoir  is  omitted,  but  the  space  above  the  mercury  on  the 
right  is  Btill  a  vacuum.    The  atmospheric  air  being  the  gas  whose 
concentration  is  to  be  measured  through  its  pressure,  the  short  limb 
is  left  open.     The  resulting  apparatus  (Fig.  35)  performs  ita  functions 
in  the  same  way  as  does  the  more  compile  one.    The  only  difference 
is  that  mercury  is  auUrmaticaUy  added  to  or  with- 
drawn from  the  right  side  by  the  motion  of  the 
metal  resulting  from  changes  in  the  pressure  of  the 
air.     The  reading  of  the  vertical  height  between  the 
lower  and  upper  surfaces  of  the  mercury  ^ves  a 
number  which  is  proportional  to  the  weight  of  mer- 
cury on  the  right  side  of  the  balance  and,  therefore, 
to  the  (equal)  stress  of  the  atmosphere  on  the  left. 
This  is  called  the  barometric  readtng  (uncorrected), 
after  the  name  of  the  instrument.  • 

To  make  different  readings,  taken  when  the 
mercury  is  at  different  temperatures,  strictly  pro- 
portional to  the  weight  of  the  metal,  the  observed 
he^ht  is  always  reduced  to  that  which  would  have 
been  shown  by  the  same  weight  of  mercury  at  0°  in 
the  same  apparatus.  A  thermometer,  and  a  table 
of  temperatures  with  the  corresponding  corrections 
to  be  subtracted  from  the  uncorrected  reading  (C, 
Fig,  35),  must  be  used. 

Knowing  now  the  volume  occupied  by  the  sample 

of  gaa  when  its  concentration  is  equal  to  that  of  the 

atmosphere  and  the  barometric  reading,  which  is 

proportional  to  this  concentration,  the  measurement  of  the  amount 

of  matter  in  the  sample  has  become  definite  so  far  as  concerns  the 

variability  of  concentration  with  change  in  pressure. 

Boyle's  Law,  —  The  recorded  results  of  measurements  made  as 
above  at  different  times,  when  the  atmospheric  pressures  are  different, 
are  still  unsatisfactory  because  the  data  for  samples  of  the  same  kind 
of  gaa  differ  in  the  value  of  the  pressure  as  well  as  in  that  of  the 
volume.  To  make  the  results  easily  comparable  in  respect  to  the 
amount  of  matter  they  represent,  one  further  step  is  needed.  All 
the  data  are  recalculated  so  as  to  show  the  volume  each  sample 
would  have  occupied  if  the  pressure  had  been  equal  to  the  weight  of 
760  mm.  of  mercury,  which  is  the  averts  height  of  the  barometer  at 
the  sea  level  in  45'  of  latitude. 
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We  have  seen  that  the  concentration  of  a  ^veo  quantity  of  a  gas 
B  proportional  to  its  pressure  (p.  104).  But,  volume  occupied  is  the 
inverse  of  concentration.  Thus,  the  same  rule,  may  be  stated  in  the 
fonu :  Tbe  ToltunM  ooonptod  hy  »  sample  of  uir  sm  are  invviMlj  pro- 
tmtioaal  to  tho  pnaiui*  at  each  vtdume.  The  fact  was  discovered 
by  Boyle  (1660)  who  stated  it  in  this  way.  In  still  other  words,  the 
product  of  the  several  pressures  and' corresponding  volumes  of  a 
Bample  of  gas  is  a  constant. 

A  numerical  illustration  will  show  the  mode.of  applying  this  rule. 
We  measure  200  c.c.  of  a  gas  at  atmospheric  pressure,  and  the  barom- 
eter reads  742  mm.  The  question  is:  What  would  be  the  volume 
of  this  amount  of  gas  at  760  mm.  barometric  pressure?  It  will  be 
200  X  fH  <!-c>  ="  volume  at  760  mm.  It  is  unnecessary  to  use  any 
formula,  but  absolutely  essential  to  ask :  Is  the  new  pressure  greater 
or  less  than  the  old?  Here  it  is  greater.  Hence,  according  to  the 
law,  the  new  volume  will  be  leas,  so  that  the  fraction  must  be  arranged 
with  the  smaller  number  in  the  numerator, 

Boyle's  law  may  be  illiutnted  by  luinf;  a  long  tube  bent  like  a  barometer  fElg. 
36)  but  having  the  short  limb  closed  and  the  loag  one  open.  Stripe  oF  paper  mark 
the  levda  of  the  mfa'cury,  ^hich  are  at  firet  alike  on  both  aidee,  and  register  the 
Tohune  of  the  air  in  the  sbcnt  limb  at  a  preesuie  of  one  atmoqibere.  The  'reading 
rf  the  barometer  at  the  time,  say  750  mm.,  is  noted.  Then  mercury  is  added 
through  a  funnel  inserted  in  the  long  limb,  until  the  level  in  this  limb  is  760  mm. 
above  that  in  the  other.  A  stick  cut  to  760  mm.  length,  and  held  beade  the  tube, 
win  ewiTeoiently  show  when  this  haa  been  accomplished.  Ihe  presaure  in  the 
open  limb  being  now  two  atmoepheres,  the  volume  of  the  air  will  be  found  to  have 
dimiDidwd  to  one-half  its  former  value. 

For  piuMuics  lower  than  one  atmoephere,  a  diffoent  arrangement  muat  be 
wed.  A  graduated  tube,  doeed  at  one  end,  is  partly  filled  with  mercury  and  in- 
vated  in  a  tall,  narrow  cylinder  full  of  the  same  metal.  The  tube  is  then  clamped 
in  Moy  poeitioo,  such  that  the  mercury  level  in  the  tube  is  above  that  in  the  cylin- 
der. The  reading  of  the  barometer  is  next  noted.  The  volume  occupied  by  the 
ur  in  the  tube  is  then  read,  and  the  difference  in  height  of  the  two  mercury  sur- 
faces is  measured  by  means  of  a  graduated  rule.  Subttacting  this  height  from 
that  of  the  barometer  givea  the  premure  of  the  air  in  the  tube.  The  position  of 
the  tube  is  then  altered,  and  the  same  measurements  repeated,  as  often  as  is 
wished.  The  product  of  each  volume  and  the  correeponding  preeeure  will  be  a 
constant  number.  The  law  is  expressed  mathematically  by  letting  pi  and  t^ 
KpieaBit  the  initial  pressure  and  volume,  pi  and  Ot  the  new  pressure  and  volume, 
ind  so  forth.  Then  piiii  -•  pA  »  constant  for  that  particular  spedmen  of  gas. 
V(x  a  ^ren  sample  d  gas,  any  one  of  the  four  valuee  may  be  calculated  if  the  otha 
three  are  known. 
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Boyle's  law  states  the  facts  with  sufficient  accuracy  for  all  ordi- 
nary purposes.  But  in  reality  no  two  gases  behave  precisely  alike  in 
respect  to  chaise  in  concentration  when  the  pressure  is  altered  (see 
Chap.  IX).  The  same  gas  does  not  even  behave  in  precisely  the 
same  way  at  high,  intermediate,  and  low  pressures.  The  ideal  gas, 
which  should  behave  uniformly,  we  call  the  perfect  gas.  With  most 
gases,  at  low  pressures  concentration  increases  more,  and  at  very 
high  pressures  much  less  than  the  rule  indicates  (see  Kinetic  theory). 

The  Relation  of  the  VtUunte  of  a  Gas  to  Temperature,  — 

In  the  foregoing  we  have  assumed  that  there  were  no  temperature 
effects.  But,  as  a  matter  of  fact,  a  rise  in  temperature  will  at  once 
produce  an  increase,  and  a  fall  in  temperature  a  decrease 
in  the  pressure  of  an  enclosed  sample  of  a  gas.  Hence  a 
record  of  the  pressure  alone  will  fail  to  indicate  the  con- 
centration definitely,  and  volume  and  pressure  together 
will  still  leave  the  amount  of  material  unspecified.  The 
temperature  must,  therefore,  be  given  as  well. 

Our  descriptions  of  different  samples  of  gas,  at  dif- 
ferent temperatures,  having  thus  become  once  more 
incomparable,  we  apply  the  same  kind  of  remedy  as 
before.  We  calculate  the  volume  which  each  specimen 
of  gas  would  occupy  at  0°. 

The  rule  for  this  calculation  may  be  demonstrated  in 
a  rough  way  as  follows:  The  large,  graduated  bulb  (Fig. 
36)  is  surrounded  by  a  vessel  which  can  subsequently 
Fia.  3e.       ^  filled  with  ice  water  or  with  water  of  any  tempera- 
ture up  to  100°.     About  one-half  of  the  bulb  is  occu- 
pied by  the  gas.    The  mercury  which  fills  the  rest  is  coimected  with 
a  reservoir,  so  that  the  levels  of  the  metal  can  be  made  alike,  and  the 
pressure  of  the  gas  be  maintained  constantly  the  same  as  that  of  the 
atmosphere.     When,  now,  the  volume  occupied  by  the  gas  at  0°  is 
read,  and  warmer  water  is  introduced,  we  find  that  the  volume  gains 
,43  of  its  value  at  0"  for  every  degree  through  which  its  temperature 
rises.    If  it  is  cooled  below  0°,  it  loses  yfj  of  its  volume  at  C  for 
every  d^ree  through  which  the  temperature  is  lowered.    Observsr- 
tion  gives  practically  the  same  value  for  all  gases. 

The  following  graphic  method  will  put  these  facts  in  a  clearer 
Ught.  In  Fig.  37  we  have  on  the  left  a  thermometer  scale  divided 
into  degrees  Centigrade.  The  middle  line  represents  the  volumes  of 
a  given  sample  of  gas  which  correspond  with  the  successive  tem- 
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peratures.  If  we,  for  convenience,  take  a  volume  of  273  c.c.  of  a  gas 
at  0°  and  wand  this  through  1°,  then  at  1°  its  volume,  havir^  gained 
tij  of  its  ori(pnal  value,  becomes  274  c.c.  At  2°  it  haa  gained 
another  y}^  of  the  volume  it  had  at  0°  and  becomes  therefore  275 
C.C,  etc.  If  cooled  below  (f  it  loses  ^^  of  the  volume,  becoming 
272  C.C.,  etc. 


C    373C.C.        [- 
\-     372  0.C.  U 

F     371  c.c.  I- 


If  the  gas  be  heated  to  100°  it  gains  J^J  of  its  volume  at  0'  and 
becomes  373  c.c.  We  might  infer  that  if  it  were  cooled  through  273° 
from  0°  it  would  lose  )f }  of  its  volume,  in  other  words,  it  would  dis-  - 
appear.  This  temperature  has  not  yet  been  reached,  and  in  any 
case  all  gases  would  presumably  liquefy  before  reachii^  it.  Our 
Btatements  apply  to  ordinary  temperatures  only,  and  within  them 
the  law  holdfi  with  considerable  strictness.  Now  the  series  of  num- 
bers on  the  middle  line  (Fig.  37)  are  all  273  imits  larger  than  the 
temperatures  Centigrade  in  the  line  to  the  left  of  the  figure.  If  we 
alter  the  graduation  of  the  Centigrade  thermometer  by  adding  273 
to  each  temperature,  we  secure  the  scale  on  the  right;  which  exhibits 
degrees  of  the  very  same  length  as  before^  but  has  the  additional 
'  advantage  that  the  numbers  expres^i^  temperature  are  the  same  as 
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those  expressing  volume.  This  is  what  we  call  the  ■ 
t«mparfttur».  Iq  this  artificial  case  we  started  with  273  c.c.  at  0°  C. 
(273°  Abs.)i  and  the  absolute  temperature  is  here  always  numerically 
equal  to  the  volume.  If  a  different  volume  had  been  taken  at  0°, 
then  the  volume  assumed  by  the  gas  at  each  temperature  would 
have  borne  a  constant  ratio  to  the  volumes  recorded.  Hence,  tba 
TolumM  auumMl  br  a  umpla  of  [as  at  dUbrmt  teouMnturM,  tha 
ptmian  maaining  oonttaDt,  wn  In  tli«  suno  pnqMTtdon  u  the  coir»- 
qmndlnt  abtoluta  t«mperaturoa.  This  is  the  modem  way  of  stating 
a  fact  which  was  first  discovered  by  Charles  rf  Paris  {1787),  Obvi- 
ously, if  the  volutne  remains  constant,  then  the  presma-e  will  be  pro- 
portional to  the  absolute  temperature.  The  bare  fact  underlying 
our  statement  of  the  law  is  that  all  rUM  luftsr  miiuI  fnaromsnta  (or 
decrcmtnts)  in  toIuum  (or  preuurs)  for  oqual  chaogn  in  temp«rature. 

"tbe  discovery  of  tlua  fact  is  generally  attributed  to  DalttHi,  who  first  pi^iluhed 
an  investigation  of  the  subject,  embodying  tMe  result,  in  1801,  or  to  Gay-Lussac, 
nho  made  a  more  complete  investigation  in  1802.  Inasmuch,  however,  as  in 
Chemistry  we  have  another  important  principle  known  as  Gay-Lunac'e  law,  and 
several  which  are  connected  with  the  name  of  Dallon,  it  is  on  the  whole  fortunate 
that  we  are  justified  in  attributing  this  discovery  to  Charles. 

The  application  of  this  law  may  beat  be  illustrated  by  an.example. 
We  obtain  200  c.c.  of  a  gas  at  17°  and  wish  to  know  what  volume  it 
would  occupy  at  0°.  To  answer  the  question,  we  convert  the  Centi- 
grade temperatures  to  the  absolute  scale  by  adding,  algebraically, 
273  to  each.  Thus  200  X  JJ§  =  the  volume  at  0°  required.  No 
formula  is  needed.  We  simply  ask  whether  the  new  temperature  is 
higher  or  lower  than  the  old  one.  Here  it  is  lower.  The  new  volume 
will  therefore  be  smaUer  than  the  old  one.  So  we  take  care  to  place 
the  smaller  number  in  the  numerator. 

The  law  may  be  put  in  mathematical  form.  It  is  preferable,  however,  that 
beginners  should  use  the  method  employed  in  the  illustration  given  in  the  pre- 
eedibg  paragraph.  Single  mathematical  expressions,  like  the  one  i^xesmting 
this  law,  are  not  made  to  save  us  the  trouble  of  remembering  the  law  itself, 
and  it  would  be  unfortunate  if  thor  use  led  us  to  foi^et  it. 

The  behaviors  of  gases  in  respect  to  changes  of  temperature  and 
pressure  are  perfectly  independent  of  one  another,  so  that  the  above 
laws  may  be  applied  to  any  example,  either  in  succession,  using  the 
answer  for  the  first  calculation  in  making  the  second,  or  amultane- 
ously.  Thus  200  c.c.  of  gas  at  742  mm.  pressure  and  17°  become 
200  X  fH  X  JJi  =  183.8  c.c.  at  0°  and  760  mm. 
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Mixed  Gaaea.  ■ —  Two  gases  at  the  same  temperature,  provided 
they  do  not  interact  chemically,  do  not  interfere  with  each  oth^'s 
pressures  when  mixed.  Thus,  if  they  are  forced  into  the' same  volume, 
the  pressure  of  the  mixture  is  equal  to  the  sum  of  those  of  the  com- 
ptments  (Dalton's  law,  1807).  The  gases  are  therefore  still  thought 
of  individually,  and  the  share  which  each  gas  has  in  the  total  pressure 
is  called  its  putlal  prsBnire.  This,  like  any  other  gaseous  pressure, 
w  proportional  to  the  concentration  of  the  particular  gas  in  the 


For  example,  a  gas  measured  over  water  contains  water  mipor. 
Tbe  partial  pressure  of  this,  called  the  aquMus  tonsioii,  which  is 
definite  for  each  temperature,  must  be  subtracted  from  tbe  total 
pressure.  The  remainder  ia  the  partial  pressure  of  the  gas  being 
measured,  and  this  remainder  is  used  as  the  pressure  of  this  gas  ia 
any  calculation.  Thus,  in  a  gas  measured  over  water  at  22°,  the 
total  pressure  includes  19.7  mm.  pressure  of  water  vapor  (see  Appen- 
dis  IV).  Hence  150  c.c.  of  gas  over  water  at  22*  and  750  mm.  is 
tbe  same  amount  as  150  c.c.  of  the  same  gas  in  dry  condition  at  22^ 
and  730,3  mm.,  there  being  simply  150  c.c.  of  water  vapor  at  19.7 
nun.  mixed  with  it.    To  obtun  the  volume  of  dry  gas  at  0°  and 

273      7303' 
7fl0  nun.,  we  have  the  expression  150  X  t-t?  X  -—r  • 

295        7w 

Denaitiea  of  Gase*.  —  The  application  of  the  laws  of  Boyle  and 
Charles  enables  us  to  express  the  quantities  of  matter  in  samples  of 
gases  in  a  definite  and  readily  comparable  manner.  In 
describing  chemical  changes,  however,  it  is  continually 
necessary  to  express  quantities  of  gases  by  weight,  The 
lelation  between  volume  and  weight  for  each  kind  of  gas 
most,  therefore,  be  ascert^ed.  If  we  know,  for  ex- 
ample, the  weight  of  one  liter  of  each  gaa  at  (f  and  760 
mm.  pressure,  conversion  to  other  weights,  volumes, 
temperatures,  and  pressures  can  be  made.  The  one- 
thousandth  part  of  this  value,  tho  voisht  of  1  cc,  ia 
called  the  dsniity  of  the  gu.  Often,  however,  the  rel- 
ative weights  of  equal  volumes,  with  that  of  air  or 
hydrogen  as  imity,  receive  this  name. 

For  most  chemical  purposes  a  high  degree  of  accuracy  is  not  re- 
quired. The  most  direct  method  is  to  employ  a  light  flask  of  125-150 
cc.  capadty,  provided  with  a  rubber  stopper  and  stopcock  (Fig.  38), 
By  means  of  an  air-pump  the  contents  of  the  flask  are  removed,  and 


_  ,i,z<,i:,.,  Google 


112  INORGANIC  CHEMISTRY 

it  is  we^hed.  This  gives  the  weight  of  the  empty  veeael.  The  gas, 
whose  dei^ty  is  to  be  ascertained,  is  then  admitted,  and  care  ia 
taken  that  it  finally  fills  the  ilask  at  the  pressure  of  the  atmosphere. 
The  flask  is  closed  and  weighed  again.  The  increase  represents  the 
weight  of  the  gas.  At  the  same  time  the  temperature  and  baro- 
metric pressure  are  read.  The  volume  is  determined  by  displacii^ 
the  gas  once  more  from  the  flask,  filling  with  water,  and  weighing 
again.  The  difference  in  weight  between  the  empty  flask  and  the 
fiask  full  of  water,  in  grams,  represents  the  volume  of  the  content  of 
the  fiask  in  cubic  centimeters.  This  volume  is  reduced  to  0°  and 
760  mm.  by  the  rules  discussed  above,  and  we  have  then  a  volume 
of  the  gas  and  the  corresponding  weight. 

To  illustrate,  let  us  suppose  that  the  volume  of  the  fiask  is  200 
c.c.  and  that  it  is  filled  with  oxygen  at  17°  and  742  mm.  The  weight 
of  the  gas  is  found  to  be  0.26  g.  We  ascertained  (p.  110)  by  calcula- 
tion that  at  0°  and  760  mm.  this  volume  would  be  183.8  c.c.  The 
weight  of  a  liter  is  given  by  the  proportion  183.8  :  0.26  : :  1000  :  x. 
Here  x  =  1,415  g.  When  the  operation  is  performed  carefully,  and 
the  weighing  carried  to  the  nearest  milligram  instead  of  the  nearest 
centigram,  a  result  more  nearly  approaching  the  exact  one  (1.429) 
may  easily  be  reached. 

To  get  the  density  of  oxygen  referred  to  hydrogen  as  unity,  we 
must  divide  the  answer  by  the  weight  of  a  liter  of  hydrogen  (0.08987 
g.).  In  the  above  case  the  quotient  is  15.74,  The  accepted  value  is 
15.90.  The  density  referred  to  air  as  unity  is  similarly  obtained  by 
dividing  by  1.293,  the  weight  of  a  liter  of  air  at  0°  and  760  mm. 
pressure. 

If  a  suitable  pump  ia  not  available,  the  flask,  in  this  case  prorided  with  two 
Cfjenings,  is  weighed  without  preliminaty  exhaustion.  This  pves  tie  weight  of 
the  vessel  plia  that  of  the  air  ii  coiUaim.  A  continuous  stream  of  the  gas  is  then 
passed  into  the  flask  until  the  air  has  been  completely  dlEplaced.  The  vessel  is 
then  closed  and  another  weighing  made,  Fiimlly  the  gas  is  dit<i)laced  by  water, 
and  a  third  weighii^  taken.  The  temperature  and  barometric  pressure  arc  noted 
as  usual.  The  last  weighing  givts  the  volume  as  before.  Knowing  that  one  lit^ 
of  air  weighs  1.293  r.  at  0°  and  760  mm.,  we  may  calculate  readily  the  wei^t  of 
the  air  which  the  flask  contained  at  the  observed  temperature  and  preeaure. 
When  this  is  subtracted  from  the  number  obtained  in  the  first  weighing,  we  have 
the  weight  of  the  empty  flask.  Subtracting  this  in  turn  from  a  second  wei^dng, 
we  have  the  weight  of  the  gas.  We  obtain  thus  the  weight  of  a  known  volume 
of  the  gas  at  a  known  temperature  and  pressure,  and  finish  the  calculation  as 
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The  values  of  the  densities  of  gases  are  of  great  significance  in  the 
chemical  point  of  view.  A  number  of  them  are  given  in  connection 
with  the  discussion  of  molar  weights  iq-v.). 

Vaptyr  Derwitiea  of  Liquid*  and  Solids.  —  The  densities  of 
vapors  are  as  important  to  the  chemist  as  those  of  gases  and,  solids 
and  liquids  being  more  numerous,  are  even  more  frequently  measured. 

A  modification  of  the  flask  just  described  is  used.  A  tempera- 
ture sufiBciently  high  to  vaporize  the  substance  must  be  employed. 
The  volume  is  reduced  by  rule  to  0°  and  760  mm.,  and  the  density, 
in  this  case  known  as  the  npor  deiultj  (wt.  of  1  c.c.)  is  calculated 
as  before.  The  reduction  to  0"  and  760  mm.  pressure  by  rule  gives, 
of  course,  a  fictitious  result.  The  vapor  would  condense  to  the 
liquid  form  before  0°  was  reached,  if  the  cooling  were  actually  car- 
ried out.  But  the  value  for  the  density  aa  it  vxmld  be  at  0°  and  760 
mm.  has  to  be  calculated  to  facilitate  comparison  with  the  corre- 
spoading  values  for  other  substances.  The  results  have  no  physical 
significance,  but  are  highly  important  to  the  chemist. 

Exercises.  —  The  for^^ing  cannot  be  understood  unless  some 
problems  involving  the  laws  of  gases  are  actually  worked. 

1.  Reduce  189  c.c.  of  gas  at  15°  and  750  mm.  to  0°  and  760  nmi. 

2.  Reduce  110  c.c.  of  gas  at  —5°  and  741  mm.  to  0°  and  760  mm, 
^  3.  Convert  500  c.c.  of  gas  at  25°  and  700  mm.  to  18°  and  745  mm. 

4.  Reduce  250  c.c.  of  gas,  standing  over  water,  at  21°  and  765 
mm.,  to  the  dry  condition  and  to  0°  and  760  nun. 

5.  An  evacuated  bulb  weighs  13.312  g.  After  being  filled  with 
the  vapor  of  carbon  tetrachloride  at  100°,  it  weighs  13.951  g.  Filled 
with  water  it  weighs  141.3  g.  The  barometric  reading  (corr.)  is 
755  mm.    What  is  the  vapor  density? 

6.  The  denfflty  of'a  substance  referred  to  air  is  3.2,  What  is 
the  density  referred  to  hydrogen?  What  will  be  the  volume  occu- 
pied by  10  g.  of  the  substance  at  20°  and  752  mm.? 
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Htdrooen,  although  discovered  by  Paracelsus  in  the  eizteenth 
century,  was  confused  with  other  combuatible  gaaea,  and  its  inde- 
pendent nature  was  first  established  by  Cavendish  in  1766,  Some- 
what later  (1781),  the  latter  showed  that  hydrogen  when  it  burned 
in  the  air  gave  water  vapor,  of  which  he  condensed  a  large  quantity 
to  the  liquid  form.  Taken  in  conjunction  with  Lavoisier's  proof 
(^t  oxygen  was  the  active  substance  in  the  lur  (1777),  tiiis  fact 
showed  that  water  was  a  compound  of  hydrogen  (Gk.  B&v,  crater; 
yivvai',  to  produce)  and  oxygen,  and  not  a  dmple  substance. 

Occurrence.  —  The  free  element  is  found,  mixed  with  varying 
proportions  of  other  gases,  in  exhalations  from  volcanoes,  in  pockets 
found  in  certain  layers  of  the  rock-salt  deposits,  and  in  some  mete- 
orites. The  air  contains  not  more  than  one  part  of  it  in  1,500,000. 
Ite  lines  are  very  prominent  in  the  spectra  of  the  sun  and  fA  most 
stars. 

In-  combination,  it  constitutes  about  1 1  per  cent  of  water.  It  is 
an  essential  constituent  of  all  acids.  It  is  contfuned  also,  in  comln- 
nation  with  carbon,  in  the  components-  of  natural  gas,  petroleum, 
and  all  animal  and  vegetable  bodies. 

We  have  seen  (p.  24)  that,  using  the  pbymcal  unit  oS  weight,  the  element 
hydrogen  etauds  ninth  in  order  of  plentifulneaj.  But  the  cftemical  work  that 
dements  con  do  should  rather  be  reckoned  by  the  relative  numben  trf  atomic 
wei^to  which  are  avsjlablc.'  When  Clarke's  niimberB  are  recalculated  to  Uiis 
bans,  and  the  number  of  chemical  unit  weights  of  oxygen  is  c^Ied  100,  hydirogea 
assumes  a  position  more  in  hamtony  with  its  importanoe: 

Oxygen 


100.00 

Aluminium . 

.     8-63 

lion     .    .   . 

.     2.S7 

31.13 

Sodium    .    . 

.     3.2S 

Galdum  .    . 

.     2.53 

29.52 

Magnesium 

.     2.78 

Potassium  . 

.     1.91 

Preparation  by  the  Action  of  Metals  on  Cold  Water.  —  To 

liberate  hydrogen  from  water,  it  is  necessary  to  use  some  element 

with  which  the  oxygen  of  the  water  will  combine  even  more  eagerly 

lU  ■ — 
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than  with  bydn^en,  and  to  offer  thia  element  in  exchange  for  the 
hydragea. 

The  most  active  metals,  such  as  potassium  K,  sodium  Na,. 
or  calcium  Ca,  displace  bydrt^^  rapidly  from  cold  mtor.  Potas- 
sium and  sodium  are  lighter  than  water,  and  float  on  the  surface. 
In  the  case  of  the  former,  so  much  heat  is  liberated ' 
that  the  hydrogen  catches  fire,  and  with  neither  metal 
b  the  experiment  safe  in  the  hands  of  a  novice.  Cal-  ^ 
cium  sinks  to  the  bottom,  and  acts  rapidly,  but  not 
violently,  so  that  the  gas  is  easily  collected  (fig.  39).' 
The  pieces  of  these  metals,  of  course,  act  upon  only 
a  small  part  of  tiie  water  in  the  vessel.  In  each  case 
the  metal  displaces  one>half  only  of  the  hydrogen  in  i 
that  part  of  the  water  upon  which  it  acts.  The  other 
products  are  the  hydroxides  of  potassium,  sodium,  ^,a_  g^ 
and  calcium,  respectively.  The  two  former  dissolve, 
leaving  a  clear  liquid  when  the  metal  is  all  gone,  but  may  be  re- 
covered as  white  solids  by  evaporation.  The  calcium  hydroxide  ' 
(daked  lime)  is  dissolved  only  in  part,  and  much  of  it  may  be  seen 
after  the  action,  suspended  in  the  water. 

An  alloy  of  lead  with  sodium  (35  per  cent),  sold  under  the  name 
of  tvdroiu,  affords  a  convenient  substitute  for  sodium  in  the  fore- 
going actions. 

The  MtMng  of  Equations.  —  To  make  an  equation  we  must 
have  the  results  of  quantitative  measurements.  These  furnish  us 
with  the  compositioQ  of  each  substance  concerned.  The  composi- 
tion, expressed  in  multiples  of  the  atomic  weights,  is  recorded  in  the 
formula  of  the  substance.  If  we  are  in  possession  of  the  necessary 
formula,  we  can  write  the  equation. 

For  example,  the  composition  of  water  is:  hydrogen  2  X  l.OOS, 
ox^en  16.  In  symbols,  this  is  2H  and  O,  and  the  formula  is  there- 
fore HiO.  The  composition  of  potassium  hydroxide  is:  potassium 
38.1,  oxygea  16,  hydrogen  1.008,  and  the  formula  therefore  KOH.  ■ 
In  ctdciuiD  hydroxide  the  proportions  are:  calcium  40.07,  oxygen 
2  X  16,  hydrogen  2  X  1.008  and  the  formula  Ca(OH)i. 

To  make  the  equation,  we  first  write  down  the  formule  of  the 
Buhetances  used  and  produced: 

K  +  H»0-*KOH  +  H. 
Na  +  H,0  -^  NaOH  +  H. 
SkeUion:  .    Ca  +  HiO -» Ca(OH),  +  H. 
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Next  we  must  balance  the  equation,  if  necesaaty.  That  is  we 
must  adjust  it  so  that  there  are  equal  numbers  of  atomic  weights 
(or  atoms)  of  each  element  on  both  sides  of  the  equation.  This  is 
necessary  only  in  the  third  equation,  and  is  done  because,  according 
to  the  law  of  conservation  of  mass,  there  must  be  the  same  quantity 
of  each  element  after  the  reaction  as  there  was  before  it. ,  On  exam- 
ining the  third  equation,  we  note  there  is  20,  in  the  (OH)t,  on  the 
right  aide  and  only  O  on  the  left.  We  therefore  place  a  2  in  front  of 
the  HiO,  for  we  cannot  get  the  additional  oxygen  excepting  by 
using  more  water: 

Balanced:  Ca  +  2HiO  -*  Ca(OH),  +  2H. 

The  number  of  atomic  wdghts  of  hydn^n  is  made  equal  by  ufdng 
2H  on  the  right  rade. 

The  reader  must  practice  the  making  of  equations,  until  he  can 
do  it  quickly.    The  text  contains  many  equations,  but  more  usually 
only  the  data  required  -for  mak- 
ing them  (the  formulse  of  the 
)  are  ^ven. 


Hydrogen  front  Metals  an^i 
Water  at  a  High  Temperature. 

—  With  steam  at  a  red  heat, 
metals  like  iron,  zinc,  and  mag- 
nesium, also  red-hot,  interact  vig- 
orously. The  steam,  generated 
_  in  a  flask,  enters  at  one  end  of 

the  tube  containing  the  metal 
(Fig  40),  and  the  hydn^en  passes  off  at  the  other.  Since,  at  a  red 
heat,  all  hydroxides,  except  those  of  potassium  and  sodium,  are  de- 
composed into  an  oxide  of  the  metal  and  water,  as,  for  example, 
Mg(OH)!  — *  MgO  +  HiO,  the  oxides  are  formed  in  th^  case: 

Mg-|-H,0-»MgO  +  2H. 
Iron  gives  the  magnetic  oxide  FegO*. 

Making  EquatUms,  Again.  —  The  skeleton  equation  for  the 
action  of  iron  on  steam  is: 
Skekton:  Fe  +  H,0  -*  Fe»0*  +  H. 

We  are  not  permitted  to  alter  these  formula  themselves,  but  we 
may  put  coefficients  in  front  of  any  of  them  to  md.ke  the  number  of 
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atomic;  weights  [dike  on  both  sides.  The  rule  (p.  73)  ie  to  pick  out 
the  largest  formula  and  reason  back  from  that.  Here,  this  is  FetOi. 
To  get  Fci,  we  iwiat  atart  with  3Fe,  and  to  get  O4,  we  must  start 
with  4HiO: 

Baianced:  3Fe  +  4H^  ->  FeiO,  +  8H. 

Acids.  —  In  makii^  hydrc^en  in  the  laboratory,  the  acids  are 
used  almost  exclusively.  The  common  acids  are  hydrochloric  acid 
HCI,Aq  and  sulphuric  acid  HgS04,Aq.  The  usual  forms  are  mix- 
tures containing  water,  the  variable  amount  of  the  tatter  being  indi- 
cated by  the  symbol  Aq.*  Hydrochloric  »dd  is  a  solution  of  a  gas, 
hydrogen  chloride.  The  "pure  concentrated"  hydrochloric  acid  used 
in  laboratories  contains  nearly  an  much  of  the  gas  (37  per  cent  by 
weight)  as  the  water  can  dissolve.  When  heated,  it  readily  gives 
up  part  of  the  gas,  and  the  effervescence  attending  this  must  not  be 
mistaken  for  evidence  of  chemical  action.  The  "commercial"  acid 
contains  impurities  and  is  also  less  concentrated.  The  "concen- 
trated," pure  sulphuric  add  is  an  oily  liquid  containing  practically  no 
water.  The  "  commercial "  sulphuric  acid  contains  6  to  7  per  cent  of 
water,  besides  impurities.  Acetic  odd  HCOiCUi,Aq  is  a  solution  of 
a  liquid  in  water. 

All  the  (Uinta  «tida  contain  70  to  80  per  cent  of  water.  The  water, 
as  a  rule,  takes  no  part  in  the  chemical  changes  in  which  the  acids 
are  concerned,  and  is  therefore  omitted  from  the  equations. 

The  name  add  is  restricted  to  one  class  of  substances  havii^  cer- 
ttun  de&nite  characteristics.  Hydrogen  is  the  one  essential  con- 
stituent of  all  acids.  Thdr  aqueous  solutions  have  a  sour  taste  and 
change  the  color  of  litmus,  a  vegetable  coloring  matter,  from  blue  to 
red-  When  free  from  water  they  do  not  conduct  electricity.  We 
shall  note  presently  two  other  properties  which  acids  show  when  dis- 
solved in  water,  namely,  that  they  conduct,  and  are  decomposed  by 
the  electric  ciirrent,  and  that  their  hydrogen  (or  one  unit  weight  of 
it  in  the  case  of  acetic  acid)  is  displaced  by  certain  metals. 

Radical*.  —  In  describing  the  chemical  behavior  of  acids,  we 
speak  of  the  hydrt^n  as  the  posftlTe  radical,  because  in  electrolysis 
(p.  28)  it  is  attracted  to  the  negative  pole,  and  of  the  material 
combined  with  the  hydrogen  as  the  negstiTa  radical  because  it  is 
attracted  to  the  positive  pole  (see  p.  120).    Thus  the  negative  radi- 

*  See  footnote  on  p.  91. 

I      Mz,,!:,.,  Google 


118  INORGANIC  CHEMISTRY 

c&la  in  the  above  acids  are  CI,  SO4,  and  CO1CH3,  respectivdy.  Tte 
fiiBt  (CI)  is  a  simple  radical,  the  others  are  compouiid  radionla.  In 
many  interactions  the  compound  radicals  move  aa  unite  from  cHie 
state  of  combination  to  another. 

Preparation  hy  Displacement  from  Diluted  Acids.  —  Every 
one  of  the  metals  which  displace  (p.  115)  hydrogen  from  water  will 
also  displace  it  from  dilute  acids.  The  acids  mu^  be  diluted  vnth 
water,  unless,  like  hydrochloric  add,  they  are  already  (Uaeolved  in 
water.  The  action  is  much  more  vigorous  than  that  on  water,  so 
that  the  most  active  metals  are  not  employed.  Metals  like  zinc, 
iron,  and  aluminium  serve  the  purpose.  The  metal  combines  with 
the  negative  radical,  and  so  liberates  the  hydrogen,  which  escapes 
in  bubbles.  Evaporation  of  the  clear  liquid,  when  the  metal  has  all 
disappeared,  gives  in  dry  form  the  compound  of  the  metal  with  the 
negative  radical.  Thus,  with  zinc  and  dilute  sulphuric  acid,  zinc 
sulphate  ZnSO^  b  produced: 

Skelelon:  Zn  +  H»SO«  -» ZnSO,  +  H. 

Balanced:  Zn  +  HjSO, -•  ZnSO,  +  2H. 

With  aluminium  and  hydrochloric  aud,  the  product  la  aluminium 
chloride  AlCl*: 

Skeleton:  Al  +  HCl  -»AlCli  +  H. 

Balanced:  Al  +  3HC1  —  AlCl,  +  3H. 

The  water  undergoes  no  change  during  the  action,  although  its  pres- 
ence is  essential.  It  is  simply  a  part  of  the  apparatus.  Any  acid 
may  be  used,  although  with  many  the  action  goes  on  very  slowly. 

For  preparii^  small  amounts  of  hydrogen,  the  apparatus  (Pig. 
41)  is  such  that  additional  acid  may  be  added  through  the  thistle, 
or  safety  tube.  This  avoids  opening  the  flafik  and  admitting  air. 
The  gas  may  be  caught  like  oxygen  over  water  or,  being  lighter  than 
^r,  may  be  collected  by  dtnmward  disidM«m«nt  of  the  Latter  (Fig, 
42a).  Heavy  gases  are  collected  by  upward  dltpUeamant  of  air 
(Fig.  426). 

With  Kipp's  apparatus  (Fig.  43),  the  gas  may  be  made  on  a 
large  scale  and  its  delivery  can  be  regulated.  When  the  stream  of 
^s  is  shut  o£F  by  the  stopcock,  the  pressure  of  the  gas,  as  it  continues 
to  be  generated,  drives  the  acid  away  from  the- metal  and  up  into 
the  globe  above,  bo  that  the  action  ceases.     Yet  the  action  is  ready 


to  b^in  t^ain  the  nuHue&t  any  portion  of  the  stored  gas  is  drawn 
off  for  use. 


Silver,  gold,  and  platioum,  which  do  not. combine  with  free  oxy- 
gen, and  even  copper  and  mercury,  which  do,  are  all  unable  to  form 
oxides  and  to  liberate  hydrogen  when  heated  in 
steam.  When  treated  with  dilute  acids,  rume  of 
these  metals  are  able  to  displace  and  liberate  the 
hydrogen  (see  Order  of  activity  of  the  metals,  p. 
129). 

Contact  of  the  zinc  or  iron  with  an  inactive 
metal,  like  platinum  or  copper,  forms  an  electrical 
couple  {q.v.)  and  hastens  the  interaction.  For  the 
same  reason,  commercial  zinc,  which  contains  traces 
of  other  metals,  pves  a  steady  evolution  of  hydro- 
gen, while  extremely  pure  zinc  is  almost  inactive. 

When  water  is  7wt  used  along  with  the  acid,  the 
latter  is  either  inactive  or  undergoes  a  different 
sort  of  chemical  change.  Thus,  dry,  gaseous,  or 
liquefied  hydrogen  chloride  hardly  interacts  at  all 
with  zinc.  Piuc,  concentrated  sulphuHc  acid,  on 
the  other  hand,  although  almost  unaffected  by  zinc  . 
in  the  cold,  is  violently  decomposed  when  heated.  F,a.  43. 

The  action,  however,  is  not  a  simple  displacement 
<rf  the  hydrogen.     The  oxygen  is  removed  from  a  part  of  the  acid, 
and  water  and  hydrx^n  sulphide  are  formed: 

4Zn  +  5H!S04-»4ZnSO,  +  4H2O  +  HjS. 

Preparation  qf  Hydrogen  by  Electrolysis,  —  When  we  de«re 
to  liberate  hydrogen  by  the  direct  appiication  of  energy  (p.  28),  we 
find  that  electrical  energy  serves  the  purpose  best. 

I  Mz,,!:,.,  Google 


120 


INORGANIC  CHEMISTRY 


The  oommon  compounds  or  hydrogoi,  like  hydrog^i  chloride  and  water,  are 
not  easily  decon^xjecd  by  hsati  and  in  moat  cases,  at  beat,  a  mixture  of  gaaee 
would  be  obtained.  The  difficulty  in  separating  the  resulting  gases  makes  the  use 
of  this  form  of  energy  unsuitable.  On  account  of  its  abihty,  not  only  to  liberate 
the  constituents  from  combination,  but  also  to  dehver  the  positive  and  the  nega- 
tive parts  of  the  compound  in  separaSe  places,  electricity  alone  is  available. 

If  we  dissolve  any  acid  in  water,  and  immerse  the  wires  from  a 
battery  in  the  solution,  bubbles  of  hydrogen  begin  to  appear  on  tbe 
negative  wire  (the  cathode)  and  rise  to  tbe  sur- 
face. All  the  other  constituents,  whatever  tbey 
may  be,  form  the  negative  radical  (see  above) 
and  are  attracted  to  the  positive  wire  (the 
anode)  and  some  of  them  are  set  free  at  its  sur- 
fade.  An  apparatus  devised  by  Hofmann  (fig. 
44)  enables  us  to  secure  the  hydn^en,  which 
ascends  on  the  left  and  accumulates  at  the  top 
of  the  tube,  displacing  tbe  solution.  The  other 
products,  if  gaseous,  occupy  a  separate  tube  on 
the  right  side.  The  solution  displaced  by  the 
gases  is  forced  down  and  mounts  into  the  bulb 
behind.  The  current  of  electricity  flows  from 
one  wire  to  the  other  through  the  liquid  in  tbe 
cross-tube.  In  a  typical  case,  the  production  of 
hydrogen  ceases  when  the  acid  is  all  decomposed. 
The  water  alone  is  an  almost  complete  noncon- 
ductor, so  that  the  flow  of  the  electricity  prac- 
tically ceases  at  the  same  time.  If  the  operation 
g7  UJijjjj)  docs  not  come  to  rest  in  this  way,  its  contin- 
I  uance  is  due  to  the  regeneration  of  conducting 

^4^^  substances  by  the  interaction  (with  the  water) 
_^^^^^^  of  the  materials  of  the  radical  liberated  at  the 
0^  positive  electrode. 

^^  **■  When  hydrochloric  acid  is  used,  we  have  a 

close  approximation  to  the  typical  case.    The  equation  is: 


HCl^H(neg.wire)-|-Cl( 


re). 


and  the  chlorine,  a  soluble  gas,  remains  dissolved  in  the  water  near 
one  pole.     When  sulphuric  acid  is  employed,  the  equation  is: 

H^4-»2H  (neg.  wire)  +  SO*  (pos.  wire),  (J) 


and  the  SO*  interacts  with  the  water  (see  Discharging  potentjals), 
SO«  +  HiO-»H,SO,  +  0.  (2) 

Hence  oxygen  comes  off,  and  the  substance  regenerated  is  here  sul- 
phuric add  itself.  The  final  results  are,  therefore,  the  iiberatioo  of 
hydn^en  and  of  oxygen  and  the  localization  of  the  regenerated  acid 
round  the  positive  electrode. 

Decomposition  of  a  compound  by  the  use  of  electrical  ener^  is 
called  slectxalyBls  (Gk.  iXiicrpav,  amber;  Xvuv,  to  loosen). 

It  is  worth  notit^  that  the  acids  and  water,  taken  separately,  are 
all  nonconductors.  The  fact  that  the  mixture  does  conduct,  con- 
comitantly with  the  decomposition  of  the  acid,  is  therefore  highly 
aug^tive.  Solution  in  auch  cases  must  be  somethir^  more  than  a 
mere  physical  change  of  state  of  aggregation  (see- Ionization). 

It  is  comjDonly  asserted  that  water  is  deoomposed  by  a  mirent  of  electricity,. 
Tiaa  is  true  in  the  sense  in  which  we  mi^t  say  that  a  man  can  carry  d£F  a  hiU. 
He  may  eventually  rentove  it,  if  you  ^ve  him  time.  The  action  of  electricity  upon 
the  punst  water  is  exceedingly  slow,  on  account  of  the  very  minute  conductivity 
for  electricity  which  it  poasessee.  Common  distilled  water  owes  its  appreciable 
c^iadty  for  conductiog  chi^y  to  traces  of  an  add,  namely,  carbonic  add,  which 
it  contains.  Even  when  the  wat«r  is  aatutated  with  carixinic  add,  however, 
dilute  sulphuric  add  has  a  conductivity  of  the  order  of  a  thousand  times  greatw. 
For  our  present  purpose,  therefore,  water  is  declared  to  be  a  nonconductor.  Yet, 
as  we  shall  see,  the  conductivity  of  pure  water,  small  as  it  is,  has  to  be  taken  into 
oonaderation  in  certain  casee  (see  Hydrolysis  and  Electromotive  chemistry). 

When  dilute  sulphuric  add  is  employed,  the  sulphuric  acid  is  regenerated 
by  interaction  with  the  water,  so  that,  in  the  end,  only  the  water  is  decomposed. 
But  the  illuBtraUon  is  needlesdy  complicated  by  the  chemical  interaction  of  the 
80«  with  the  wat«r.  The  aoiu'ce  of  the  hydrogen  and  the  oxygen  liberated  is  also 
r^dered  obscure  by  the  fact  that  the  sulphuric  add  itaelf  contains  both  of  these 
eleiDents.  Wlien  «f  aqueous  solution  of  sodium  fluoride  NoF  is  dectrolyEed,  the 
disolved  substance  contains  nether  hydrogen  nor  oxygen.  Neither  the  sodium 
nor  the  fluorine  themselves  can  be  liberated,  however,  because  the  hydrogen  and 
oxygen  of  the  water  are  more  easily  disdiarged  and  set  free.  In  this  instanee,  the 
Bslt  renders  the  liquid  a  good  conductor,  which  water  alone  is  not,  yet,  in  so  far 
M  decomposition  of  any  substance  is  concerned,  only  the  water  is  decomposed. 
lluB  is  a  straight  case  of  decomposing  water  by  dectrical  energy. 

The  Other  Way»  of  Preparing  Hydrogen,  —  For  special  pur- 
poses, hydr<^^  may  be  made  by  boiling  an  aqueous  solution  of 
Bodium  hydroxide  with  aluminium  turmnj^,  when  sodium  aluminate 
i«  formed:  Al  -|-  NaOH  +  H,0  -^  NaAlOj  +  3H;   also  by  heating 
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powdered  zinc  and  dry  sodium  hydroxide,  the  product  hang  sodium 
zincate :  Zn  +  NaOH  +  HjO  -*  NaHZnOi  +  2H. 

Sources  oj  the  Hydrogen  oS  Commerce.  —  Zinc  is  too  expen- 
sive a  Bubetance  to  use  in  the  preparation  of  hydrogen  in  lai^ 
quantities  for  eommereial  purposes.  We  reahze  this  when  we  note 
that  33  parts  of  zinc  will  liberate  only  one  part  of  hydrogen,  so  that 
with  1  lb.  of  zinc  we  obtiuu  only  one  half-ounce  of  the  gas,  Differ- 
ent sources  are  used  in  different  localities  and  countri^. 

The  lai^est  supply  is  probably  obtained  as  a  byproduct  in  the 
electrolysis  of  an  aqueous  solution  of  common  salt  NaCl,  in  connec- 
tion with  the  manufacture  of  caustic  sodA  (sodium  hydroxide,  q.v.). 
The  hydrogen  is  collected  and  compressed  in  steel  cylinders. 

In  some  circumstances,  the  method  of  pas^ng  steam  over  heated 
iron  is  used  (p.  116). 

Another  plan  is  to  liquefy  water-gas  (q.v.),  a  mixture  of  hydrc^n 
and  carbon  monoxide.  The  hydrogen  evaporates  much  the  more 
readily  of  the  two,  and  can  thus  be  separate.  This,  and  still  other 
processes  involve  substances  and  reactions  which  we  have  not  yet 
encountered  and  will  be  mentioned  at-the  appropriate  points. 

Preparation  qf  Simple  Substances,  —  There  are  two  general 
sources  from  which  we  obtftin  ilmple  lubBtaoosa.  If  th«  0l«iiMiit 
ooctin  unoomblnod  in  nature,  as  sulphur  and  gold  do,  it  is  only 
necessary  to  free  it  from  foreign  materials  (impurities)  with  which 
it  is  mixed.  If  no  such  supply  exists,  or  if  the  purification  is  difficult, 
then  some  compound,  natural  or  artificial,  is  decomposed. 

The  UbsratioQ  of  ui  eloment  tcom  combination  is  likewise  effected 
in  two  waj^:  (1)  The  compound  may  be  forced  apart  by  the  appU- 
cation  of  enei^,  usually  in  the  form  of  heat  or  electrical  energy. 
Thus,  heat  was  employed  to  liberate  oxygen  (pp^  17,  82,  83).  Elec- 
trical eneiTC,  however,  was  used  in  one  way  of  oblwning  hydrogen 
(p.  120),  smce  readily  obtainable  compounds  which,  when  heated, 
give  hydrogen  as  the  only  gaseous  product,  are  unknown.  Elec- 
trical energy  may  be  used  also  to  Uberate  any  metal.  (2)  The  other 
general  method  of  setting  an  element  free  is  to  offer  to  the  other  con- 
stituents of  the  compound  some  substance  with  which  they  will 
unite.  This  plan  is  used  in  fiberating  hydrogen  from  acic^  and 
from  water  (pp.  114-118). 

In  selecting  our  source,  we  are  naturally  influenced  by  the  ooet 
of  the  material,  as  well  as  by  the  ease  of  the  process.  Thus,  gold 
oxide  yields  oxygen  by  the  application  of  very  Uttle  heat,  but  it  is 


HYDROGEN 


123 


extremely  expensive.  Quicklime  is  very  cheap,  but  does  Dot  give 
up  its  oxygen  even  at  the  temperature  of  the  electric  arc.  As  a 
source  of  hydrogen,  any  acid  may  be  used,  theoretically,  but  the 
cheapest  and  commonest  acids  (hydrochloric  acid  and  Bulpburic 
add)  are  actually  employed. 

Purification,  of  Gaxes.  —  Hydrogen  made  in  any  of  the  above 
ways  is  impure  (p.  6).  As  made  by  all  the  laboratory  methods 
mentioned,  a  good  deal  of  water 
vapor  is  mixed  with  it.  Other 
impurities,  like  hydn^n  sul- 
phide and  arsine,  come  from  the 
action  of  the  acid  on  foreign 
materials  in  the  zinc  (p.  119). 
Some  of  the  acid,  if  it  is  volatile, 
will  also  be  taken  over  with  the 
gas.  When  the  object  for  which 
the  gas  is  being  made  demands 
it,  we  must  know  what  the  im- 
purities to  be  expected  are,  and 
take  proper  means  of  removii^ 
them. 

Gases  are  freed  from  aque- 
ous vapor  by  means  of  calcium 
chloride  or  c<Hicentrated  sulphuric  acid,  which  greedily  absorb  mois- 
ture. The  former  is  used  in  granulated  form  instr^ght 
or  bent  tubes  (Fig.  46).  The  latter  is  applied  by  sat* 
uiatJDg  pieces  of  pumice-stone  with  the  acid  and  filling 
similar  tubes  with  the  fragments.  Or  the  acid  may  be 
placed  in  a  gas  washing  bottle  (Kg.  46),  For  extremely 
complete  drying,  a  tube  may  be  filled  with  phosphoric 
anhydride  dfted  upon  glass  beads  or  glass  wool.  Fore- 
thought must  be  used  to  avoid  a  dryii^  agent  which  will 
interact  with  gas.  The  longer  the  gas  remains  in  contact 
with  the  drying  agent,  the  more  perfect,  up  to  a  cert»n 
limit,  is  the  purification  effected.  In  all  cases,  the  stream 
"°'  *"■  of  gas  must  pass  slowly. 
Particles  of  liquid  or  solid  matter  are  always  carried  along  by 
freshly  made  gases.  These  will  pass  .with  the  gas  through  sulphuric 
acid  without  being  affected.  A  plug  of  cotton  or  of  glass  wool  in 
BCHoe  part  of  the  tubing  is  required  to  arrest  them. 
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Physical  Propertiea  of  Hydrogen.  —  Some  of  these  may  be 
given  in  tabular  form : 


Colorless 

Tasteless 

Odorless 

Density  (wr  ='l),  0.0695 

Wt.  of  11.,  0.08987  g. 


Crit.  temp.,  -234° 
Sp.  ht.  (gas,  const,  press.),  3.4 
Boiling-point,  —252.5° 
Melting-point  (58  mm.),  -260° 
Sol'ty  in  Aq,  1.9  vols,  in  100  (14°) 


Air  is  14.5  times  heavier,  hence  the  gas  may  be  poiu^  upwards 
(Fig.  47)  and  is  used  for  filling  balloons.  A  liter  flask  filled  with  air 
requires  about  1.2  g.  to  be  added 
to  the  tare  to  restore  the  balance 
when  the  air  is  replaced  by  hy- 
drogen. Its  specific  heat  is  about 
seventeen  times  that  of  oxygen 
(0.2).  Its  thermal  conductivity 
is  greater  than  that  of  any  other 
elementary  gas.  Hence  a  wire, 
raised  to  incandescence  in  air  by 
means  of  an  electric  current,  can- 
■  not  be  kept  at  a  red  heat,  even, 
by  the  same  current  in  hydrogen. 
This  is  due  to  the  fact  that  much 
of  the  heat  is  used,  not  merely 
to  increase  the  velocity  ol  the 
molecules,  each  of  which  cont^ns 
two  atoms  of  hydrogen,  but  also  to  decompose  them  into  atoms 
(see  Chap..  XII). 

Hydrogen  was  first  liquefied  in  visible  amounts  by  Dewar  (1898). 
The  liquid  is  colorless  and,  when  allowed  to  evaporate  rapidly  under 
reduced  pressure,  freezes  to  a  colorless  solid.  All  other  gases,  except 
helium,  sohdify  eadly  when  ted  into  a  vessel  surrounded  by  liquid 
hydrogen. 

Hydrogen,  is  absorbed,  for  the  most  part  in  a  purely  mechanical 
way,  by  many  metals.  Heated  iron  will  take  up  19  times  its  volume 
of  hydregen.  Under  ^milar  conditions  gold  takes  up  46  volumes, 
platinum  in  fine  powder  50  volumes,  palladium  502  volumes,  and 
silver  none.  The  maximum  absorbed  by  palladium  under  favorable 
conditions  is  873  volumes.  It  is  still  a  question  whether,  in  the 
case  of  palladium,  a  part  of  the  gas  is  not  in  combinatioB. 
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Df^uston.  —  If  a  volume  of  gas  b  enclosed  at  one  end  of  a  cyl- 
inder, the  rest  of  which  is  entirely  empty,  and  ia  suddenly  released 
from  this  confinement,  it  spreads  with  extreme  speed  so  as  to  occupy 
the  whole  of  the  cylinder  to  an  equal  d^ree.  This  spreading  is  not 
an  effect  of  gravitation,  wxce  it  takes  place  upwards  or  downwards 
with  equal  celerity.  The  same  phenomenon  is  observed  when,  in 
everyday  life,  a  bottle  of  scent  ia  opened.  The  vapor,  on  escaping, 
begins  to  penetrate  in  all  directions  through  the  room,  showing  ito 
presence  by  its  odor.  The  motion, .  as  this  instance  shows,  takes 
place  through  a  space  occupied  by  fwother  gas  more  slowly  thaa, 
but  just  as  surely  as,  when  the  space  is  empty.  The  material  of 
gases  has  in  fact  an  independent  power  of  locomotion.  The  result- 
ing phenomeDon  we  call  diffusion.  It  is  constant  in  rate  for  each 
g&9  under  like  conditions,  and  hydn^en  has  the  greatest  speed  of 
diffu^on  of  all  the  gases. 

The  iuterdifFuaion  at  ga^M  and  the  abeence  of  gravity  cAeot  may  be  shown 
ninultaiieoualy.  A  jar  of  air  is  iaverted  and  placed  mouth  to  mouth 
wHh  s  jar  filled  with  carbon  dioxide  (Fig.  48).  After  a  few  mimitce, 
tod  in  spite  of  the  fact  that  carbon  dioxide,  measured  in  bulk,  ia 
one-half  heavier  than  lur,  1imewat«r  will  show  the  presence  of  car- 
bon dioxide  in  the  upper  jar.  The  phenomena  □(  difiusioD  must 
not  be  confuted  with  cases  like  the  pouring  of  hydrogen 
upward  to  displace  air  in  an  inverted  jar.  In  this  case 
the  gaa  flows  en  moMe,  and  the  gravity  effect  is  the 
very  one  on  which  we  depend  for  the  success  of  the 
experimait.  It  ia  whA  hydrogen  acattera  itself  in  a  ""*■  "°- 
somewhat  dower  way,  and  downward  and  sideways  as  well  as 
upward,  that  we  have  diffusion.  The  word  indicates  the  teattering 
rather  than  the  fiomng  nature  of  the  phenomenon. 

The  different  rates  of  diffusion  of  different  gases  are 
easily  shown  by  comparing  their  several  speeds  with  that 
of  air,  when  both  pass  through  a  wall  of  unglazed,  porous 
porcelain. 

The  cylinder  of  porous  porcelain  A  (Fig.  49)  contains 
air  and  is  connected  with  a  wide  tube  which  dips  beneath 
the  surface  of  the  water.  When  a  cylinder  H  containii^ 
hydrogen  is  brought  over  it,  rapid  escape  of  gas  takes 
place  through  the  water,  showing  that  a  rise  in  pressure 
has  taken  place  inside  the  porous  vessel.  Before  the 
^flinder  of  hydrogen  approached  it,  the  air  was  moving  both  out- 
wards and  inwards  through   the  porcelain,  but,   being  the  same 
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air,  the  speed  of  motion  was  equal  in  both  directions,  and  therefore 
the  pressure  inrade  was  not  affected.  It  is  important  to  note  that 
there  was  at  no  time  rest,  there  was  simply  equal  motion  in  both 
directions.  When  the  hydrogen  atmosphere  surrounded  the  cylin- 
der, the  hydn^n  gas  moved  more  rapidly  into  the  cylinder  than 
the  air  inside  could  move  out,  and  hence  an  excess  of  pressure  quickly 
arose  in  the  interior. 

Exact  measurement  shows  that  the  lighter  a  gas  is  in  bulk,  the 
faster  its  parts  move  by  diffu^on  in  any  direction.  The  rate  is 
inversely  proportional  to  the  square  root  of  the  denaty  of  the  gas. 
Thus,  for  hydrogen  and  Mr  it  is  in  the  ratio  V'l.293  :  ^0.08987,  or 
3.8  :  1. 

Chemical  Propertiea  of  Hydrogen.  —  Hydrogen,  delivered 
from  a  jet,  bums  m  air  or  pure  oxygen.  A  cold  vessel,  held  over  the 
almost  invisible  blue  flame  (Elg.  50),  condenses  to  droplets  of  water 
the  steam  that  is  produced.  When  hydrogen 
aod  oxygen  are  mingled  in  a  suitable  burner 
(Fig.  51),  and  the  flame  is  allowed  to  play  on 
a  piece  of  quicklime,  the  latter  becomes  white- 
hot  at  the  spot  where  the  flame  meets  it. 
This  result  is  called  a  uldum  light  or  Um« 

J^    light.    Platinum  melts  in  this  flame  eaaly.    In 
a  closed 'space  it  produces  a  temperature  of 
over  2500°. 
y^  j^  When  oxygen  and  hydrogen  are  mixed  in      I 

a  glass  veasel,  the  chemical  action  is  very  slow  '^ 
at  ordinary  temperatures,  no  perceptible  amount  oj  union  "■ "' 
occurring  in  a  period  of  five  years.  If  the  mixture  is  sealed  up  and 
kept  at  300°,  after  several  days  a  small  part  is  found  to  have  com- 
bined to  form  water.  At  518°,  hours  are  required  before  the  union 
is  complete.  At  600°  the  interaction  is  rapid,  but  not  explosive. 
At  700°  the  combination  is  almost  instantaneous.  Hence  contact 
with  a  body  at  a  bright-red  heat  (p.  94)  is  .required  actually  to 
explode  the  mixture. 

These  facts  illustrate  the  effect  of  temperature  on  the  speed  of 
chemical  changes  (p.  93).  A  rough  calcidation  shows  that,  since 
interactions  lower  their  speed  to  half  its  value  for  every  depresaon  of 
10°  in  temperature,  at  ordinary  temperatures  this  union  can  hardly 
make  easily  perceptible  progress  in  less  than  a  thousand  million 
years.  This  effect  of  temperature,  therefore,  accounts  for  the  ap- 
parent absence  of  action  in  the  cold  gases. 
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Rnely  divided  platinum,*  when  held  in  the  cold  mixture,  hastens 
the  otherwise  vanishingly  slow  union  in  the  part  of  the  gases  in  con- 
tact with  it.  The  heat  of  their  union  raises  the  temperature  of  the 
platinum  to  a  white  heat  and  this  causes  explosion  of  the  whole  iaasa 
of  gas.  The  platinum  is  simply  a  contact  agent  (p.  97)  and  remains 
itsdf  unaffected.  The  same  explanation  applies  to  self-lighting  gas 
jets  and  to  pocket  cigar  lighters. 

Hydrogen  imites  directly  with  a  minority  only  of  the  simple  aub- 
atances.  It  combines  rapidly  with  oxygen,  chlorine,  fluorine,  and 
Utfaium,  and  more  slowly  with  a  few  others. 

Hydrc^D  also  unites  with  oxygen  and  chlorine,  even  when  these 
elemente  are  already  combined  with  certain  of  the  metals.  Thue, 
when  one  of  the  oxides  of  copper  or  of  iron  is  heated  in  a  tube  through 
which  hydrc^en  flows,  the  latter  combines  with  the  oxygen  to  form 
water,  and  the  metal  is  liberated : 
Skdeton:  CuO  +H-^H,0  +  Cu. 

Skdebm:  FcO,  +  H  -» H,0  +  Fe. 

We  observe  that,  for  each  atomic  w^bt  of  oxygen,  2H  will  be 
required,  and  amend  the  equations  thus: 
BaloTuxd:  CuO  +2H-^H^  +  Cu, 

Sfefeton:  FcO,  +  8H  -^  4H»0  +  Fe. 

Then  we  take  the  amount  of  iron  produced  equal  to  that  taken: 
BaJaneed:  FeiO«  +  8H  -^  4H)0  +  3Pe. 

These  interactions  are  classed,  by  mechanism,  as  displacements 
(p.  2i).  In  describing  them  the  chemist  would  also  say  that  the 
hydrogen  has  been  oxidized  and  that  the  oxide  of  the  metal  has  been 
reduced  (p.  91). 

An  Inapt  Use  qf  the  Word  "  Affinity  "  in  Explanation  qf 
Chemical  Actiona.  —  Speaking  without  reflection,  one  might  be 
tempted  to  "explain"  actions  like  the  reduction  of  magnetic  oxide 
of  iron,  just  mentioned,  by  saying  that  the  hydrogen  has  a  greater 
tendency  to  unite  with  oxygen,  or  has  a  greaier  affinity  for  it,  than 
has  iron,  and  therefore  removes  the  oxygen  from  combination  with 
the  latter.    FlauatJe  as  this  statement  seems,  it  would  be  in  many 

*  Tlje  moet  coDvenient  form  is  obtained  by  dipping  asbeetoe  in  a  solution  of 
ehloroplatinio  add,  and  heating  it  in  the  blaat-lsmp.  The  fiben  are  oovered  with 
a  thin  film  (4  Uu  metal:  HiPtCU  — *  Pt  +  4a  +  2HC1. 
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cases,  as  here,  quite  incorrect.  Under  the  modes  of  preparing  hydro- 
gen, we  spoke  of  the  actioB  of  steam  upon  iron  (p.  116),  and  gave 
the  equation:  3Fe  +  4HjO -»  FeiO,  +  8H.  To  use  consistently 
this  hdndy  method  of  explaining  chemical  change  by  the  help  of  the 
word  "affinity,"  we  should  have  to  say  here  that  the  hydrogen  has 
a  less  affinity  for  the  oxygen  than  has  iron,  and  therefore  hydrogen 
is  set  free  and  oxide  of  irgn  is  fonned.  It  will  be  seen  that  this 
statement  is  in  direct  contradiction  to  the  one  made  above.  Both 
cannot  be  true.  The  fact  is  that  both  are  based  upon  an  assumption 
which  is  incorrect  ^  the  assumption,  namely,  that  the  displacement 
of  one  element  by  another  ia  always  an  evidence  of  the  greater 
affinity  of  the  latter.  The  correct  explanation  of  seemingly  contra- 
dictory actions  like  these  will  be  given  later  (see  Hydn^en  chloride). 

The  action  of  catalytic  agents  is  itself  a  refutation  of  this  blundering  assump- 
tion. Putting  ft  little  platinum  in  a  niixture  of  oxygen  and  hydrogen  oannot  add 
to  the  Okergy  contuned  in  these  aubstances,  and  cannot  therefore  increase  their 
intrinsic  tendencies  to  unite.  Yet  in  its  presence  an  almost  nonexistent  octicm 
becomes  suddenly  explosively  violent.  There  are  other  factors,  oft^i  far  more 
potent  than  affinity,  which  determine  the  direction  and  speed  of  many  cbranical 
changes  (see  Chemical  equilibrium). 

In  this  connection,  it  is  worth  noting  that,  while  increasing  the  speed  of  a  tr&in 
or  a  ship  requires  a  great  addition  to  the  energy  expended,  and  is  very  costly,  in- 
creasing the  speed  of  a  chemical  change  requires  the  expenditure  of  no  energy 
whatever.  The  employment  of  a  couple  (p.  1 19)  or  a  catalytic  agent  adds  nothing 
to  the  energy  the  separate  bodies  pooaosaod  before  they  were  mixed.  And  the  cata- 
lytic ^ent  is  recovered  wiehaTiged  and  as  efBdent  as  ever  at  the  end.  Theoreti- 
cally, therefore,  these  agencies  cost  nothing.  The  increased  speed  in  the  forma- 
tion of  the  products  is  obtained  gratis.  The  contact  method  of  making  sulphuric 
acid  (q.v.)  iUustratea  the  way  in  which  commerce  has  taken  advantage  of  this  fact. 

The  Speed  of  Chemical  Actions:  a  Means  of  Measuring 
Activity. — The  speed  of  a  chemical  action  is  measured  by  the 
number  of  atomic  or  formula  weights  of  the  substance  undergoing 
change  in  a  ^ven  time.  Now,  one  means  of  measurit^  the  relative 
chemical  activities  of  several  substances,  ia  to  observe  the  speed 
with  which  they  undergo  the  same  chemical  change  (p.  37).  Thus 
we  may  compare  the  activities  of  the  various  metals  by  allowing 
them  separately  to  interact  with  hydrochloric  acid  and  collecting 
and  measuring  the  hydrogen  hberated  per  minute  by  each.  It  will 
be  seen,  even  in  the  roughest  experiment,  that  magnesium  is  thus 
much  more  active  than  zinc.  The  comparison  must  be  made  with 
such  precautions,  however,  as  will  make  it  certain  tiiat  the  condi- 
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tioas  under  which  the  several  metals  act  are  all  alike.  Thus,  in 
8pite  of  the  beat  evolved  by  the  action,  means  must  be  used,  by 
suitable  cooling,  to  keep  the  temperature  at  some  fixed  point  during 
all  the  experiments,  for  all  actions  become  more  rapid  when  the 
temperature  rises  (p.  9^).  Again,  pure  materials  must  be  used,  as 
an  impurity  in  one  metal  might  act  as  a  contact  agent  and  modify 
the  natural  speed  of  the  action  (p.  119).  Still  again,  the  pieces  of 
the  various  metals  must  be  arranged  so  that  equal  surfaces  are  ex- 
posed to  the  acid  in  each  case.  ~  Elqusl  weights  of  zinc  will  finally 
l^ve  equal  weights  of  hydn^n;  but  if  one  of  them  is  in  the  fonn  of 
foil  while  the  other  is  a  cylinder,  the  former,  although  it  will  not  last 
ao  long,  will  ff.ve  more  hydn^en  per  minute.  Finally,  the  portions 
of  hydrochloric  acid  must  contain  the  same  percentage  of  hydn^eu 
chloride  in  each  case,  for  the  metal  will  secure  the  acid  it  needs  with 
less  delay  in  a  more  raiuoentrated  solution  than 
in  a  less  concentrated  solution,  and  in  the  former 
case  will  therefore  displace  hydrc^o  more  rapidly. 
When 'these  and  other  precautions  have  been 
taken,  a  true  comparison  of  the  relative  activities 
of  the  metals  with  respect  to  thb  particular  ac- 
tion may  be  made.  It  is  found  that  the  order  in 
which  this  comparison  places  the  metab  b  much 
the  same  as  that  in  which  they  are  placed  by  a 
study  of  other  similar  actions.  Thb  is  natural, 
fflnce  we  are  really  comparing,  in  each  case,  the 
amount  of  free,  internal  energy  in  each  metal. 
A  angle  table  suffices,  therefore,  for  aU  purposes 
(see  next  section). 


Order  of 
AcnviTT. 

Potaasiutn 

Sodium 

Calcium 

Magnesiuta 

Aluminium 

Manganese 

Zinc 

Chromium  ■ 

Iron 

Nickel 


Tin 


The  Order  cf  Aciixxty  of  the  Metals. — We 

employ  metals  so  frequently  in  chemistry,  that  we 

must  at  once  become  familiar  with  the  key  to  the 

main  differences  in  their  behavior.     The  order  of 

their  activity  explains  these  differences,  as  well 

as  many  other  facts.     In  the  adjoining  list,  the 

most  active  metab  are  at  the  top.     Hydn^en  is 

not  a  metal,  but  is  included  because  chemically 

it  resembles  the  metab.    All  the  metals  above  hydrogen  displace 

this  ^ment  fnxn  dilute  acids  (and  from  water),  while  those  below 

it  do  not. 

The  first  disf^ces  the  hydrogen  from  water  violently,  the  second 


Copper 

3ismuth 

Antimony 

Mercury 

SUver 

Platinum 

Gold 
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less  vigorously.  Magnesium  barely  acts  oo  boilii^  water,  but,  like 
iron,  acta  on  superheated  steam.  Zinc  liberates  hydrogen  with 
reasonable  vigor  from  dilute  acids,  lead  rather  feeldy,  and  copper 
and  those  following  not  at  all. 

Other  facts  are  explained  by  the  table.  Thus,  when  the  metals 
are  heated  in  pure  oxygen,  the  last  three  do  not  combine.  Those 
above  silver  do  unite  with  oxygen  —  mercury  rather  slowly  and  the 
others  more  and  more  ener^tically  as  we  ascend  the  list.  Again,  if 
we  take  the  cnddes  of  the  metals,  we  find  that  those  of  the  metala 
up  to  and  incltKfing  mercury  lose  all  th^  oxygen  when  simply 
heated.  If  we  heat  the  oxides,  and  also  lead  hydn^en  over  them, 
the  oxyg^i  is  easily  removed  from  all  the  oxides  up  to  and  including 
those  of  iron,  leaving  in  each  case  Uie  metal.  Thus,  in  general,  the 
more  active  metals  form  the  most  stable  compounds. 

The  metals  following  hydrogen  are  the  ones  which  are  found  in 
nature  in  large  amounts  in  the  free  condition.  Those  preceding 
hydrogen,  if  liberated,  since  they  all  displace  hydrogen  from  acids, 
would  act  slowly  on  natural  waters  containii^  carbonic  add,  'and  so 
would  pass  into  combination.  Hence  those  preceding  bydn^en 
are  found  free  only  in  exceptional  cases,  such,  for  example,  as  the 
metallic  iron  of  which  meteorites  often  consist. 

Valence 

Equiv€ilence  and  Valence.  —  If  the  equations  sbowingdi^ 
placement  of  hydrogen  by  a  metal  be  now  reexamined,  a  peculiarity 
will  be  noticed  which  we  have  thus  far  omitted  to  note.  When 
sodium  (p.  115)  and  calcium  (p.  116)  act  upon  water,  one  atomic 
weight  (or  atom)  of  sodium  displaces  one  atomic  weight  of  hydrogen, 
but  one  atomic  weight  of  calcium  displaces  twice  as  much  hydrogen. 
Again,  one  atom  of  sine  (p.  118)  displaces  two  atoms  of  hydrogen, 
but  one  atom  of  aluminium  displaces  three.  Assuming,  for  simplic- 
ity, that  we  allow  three  of  these  metals  all  to  act  upon  dilute  hydro- 
chloric acid,  the  equations  are: 

Na  +  HCl  -*NaCl  +  H 
Ca  +  2HCl-»CaCl,  +  2H 
AH-3HC1-»A1CU  +  3H. 

Interpreting  this,  we  perceive  that  the  atom  of  aluminium,  tor 
example,  displaces  3H,  because  it  is  aUe  to  combine  vnth  ZCl,  and  so 
inddentally  liberates  the  hydrc^n  formerly  united  with  3CL    The 
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atom  of  sodium,  however,  can  unite  with  only  ICI,  and  ao  releases 
only  IH.  Now  this  is  not  a  rule  confined  tQ  these  reactions,  but 
represents  a  general  chemical  property  of  the  atomic  weight  of  each 
dement,  and  a  property  which  we  shall  find  most  useful. 

The  atom  of  aluminium  releases  3H  because  it  can  take  the 
place  of  three  atoms  of  hydn^en  in  chemical  combination  (and 
hold  3C1).  The  atomic  weight  of  aluminium  is  said  to  be  equivaient 
to  (equal  in  chemical  value  to)  three  atomic  weights  of  hydrogen. 
Since  it  combines  with  3  atomic  weights  of  chlorine,  it  is  also  con- 
sidered to  be  equivalent  to  three  atomic  weights  of  this  element. 

The  chemical  property  referred  to  is  called  Talsnea.  The  valence 
of  an  atomic  weight  of  hydrogen  or  of  chlorine  is  the  unit.  Au 
atomic  weight  of  sodium  is  said  to  be  unlToImt,  one  of  caidum 
bfralent,  one  of  aluminium  trlTftlent.  The  formula  HiO  shows  the 
atomic  weight  of  oxygen  .to  be  bivalent,  because  it  unites  with  two 
atomic  weights  of  hydrogen.  Apparently,  the  atomic  weight  (or 
atom)  of  each  element  has  a  fixed  capacity  for  combinii^  with  not 
more  than  a  certain  number  of  atomic  wdghts  (or  atoms)  of  some 
other  element. 

Marking  the  Valence.  —  Until  we  have  become  familiar  with 
the  valence  of  each  element,  it  is  advisable  to  mark  the  valences  in  a 
special  way:  Na',  Ca",  Al"",  0",  Zn",  CI', 

As  we  should  expect,  a  bivalent  atom  can  combine  with  two 
univalent  atoms,  or  wilh  one  bwalait  atom,  and  so  forth.  Thus  we 
have  the  compounds  of  oxygen:  Na,^0",  Ca"C)",  Alj"H>i°,  Zn"0", 
CWO". 

The  rule  is  that  th«  (quantities  of  two  olttmnnta  which  oomblna 
mtMt  havo  tqyui  total  comblnLnc  oapaclties  —  i.e.,  Idontlcai  total 
Talance.  Thus,  Ca"  has  the  valence  two,  and  so  does  O".  Again, 
Aij"  has  a  total  valence  of  2  X  3  (=  6)  and  so  has  Og"  (3  X  2  =  6). 

Frequently  the  valence  is  marked  by  means  of  lines,  the  number 
fA  lines  pointing  towards  a  symbol  indicating  the  valence  of  the  atom 
it  represents : 


0  =  Al-0-Al<=0 


D^nttion.  —  The  Talenm  of  an  olament  is  a  numbor  rapr«s«nt- 
inc  ttae  e^adlT  ol  Its  atomic  w«lght  to  combine  with,  or  dlfpUoe, 


CI 

Cl 

/ 

/ 

-Cl 

Ca 

Ca-0 

Al-Cl 

^CI 

^Cl 
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atomie  w^i^iti  of  other  titaatmU,  tho  unit  of  moh  eapwsitT  btHag 
Quit  of  mw  atomic  wslfht  of  hjdxogta  or  chlorine. 

Stated  otherwise,  the  valcace  of  the  attnnlc  wdfht  (or  atom)  at 
An  dement  is  the  number  of  atomic  weights  (or  atomi)  of  hydrogen, 
or  of  some  other  univalent  element,  which  the  atomic  weight  (or 
atom)  of  the  given  element  combhiea  with  or  displaces. 

/■ 

'^  Valence  of  Radicals.  —  What  we  have  said  applies  to  com- 
pounds of  not  more  than  two  elements  —  so-called  binary  com- 
pounds. We  cannot  with  certainty  tell  the  valences  in  a  compound 
of  three  or  more  elements,  like  H^O*.  But  we  have  seen  that  the 
adds  behave  as  if  compoeed  of  two  radicals  (p.  117):  H(C1),  Hi(S04), 
that  is,  of  two  groups  which  move  as  wholes  in  chemicai  reacUons. 
Thus,  in  the  interaction  of  zinc  with  dilute  sulphuric  acid: 
Zn  +  HiSO*  -*  ZnS04  +  2H 

the  group  SO4  passes  as  a  whole  from  combination  with  2H  into 
combination  with  Zn.  Hence  we  can  assign  a  valence  to  a  comr 
pound  radical  aa  a  whole.  Thus,  (SOi)"  is  evidently  bivalent,  as  a 
whole,  because  it  is  united  with  2H',  Na(OH)  and  Ca(OH)i  show 
the  radical  hydrozyl  (OH)*  to  be  univalent. 

It  is  to  preserve  the  identity  of  the  radicals,  and  to  make  them 
easily  recognizable,  that  we  write  them  in  brackets  and  place  the 
coefficient  outside,  aa  Ca(OH)j  and  Ali(S04)i,  instead  of  using  the 
forms  CaOiHi,  AliSjOu,  and  so  forth.  The  bracketed  forms  show 
more  clearly  which  radicals  are  present.  Since  substances  like  these 
commonly  interact  by  double  decomposition  (p.  20)  or  displacement 
(p.  18),  as  if  the  radicals  were  single  elements,  this  mode  of  writing 
the  formula  enables  us  to  use  the  valence  valura,  and  so  readily  to 
write  equations  for  such  actions.  This  artifice,  justified  as  it  is  by 
the  mode  of  interaction,  reduces  many  substances  containing  three 
or  more  elements  to  binary  compounds.  In  writing  formuls  <rf 
inorganic  compounds,  we  usually  place  the  positive  radical  (p.  117) 
'  in  front  and  the  n^ative  radical  alter  it. 

V»e  in  Making  FormuJse  and  Equatione.  —  The  chief  use  of 
the  conception  of  valence  is  the  very  practical  one  of  enabling  us  to 
write  formulse.  In  making  equations  we  constantiy  need  to  know 
whether  the  chloride  of  an  element,  say  magne^um,  is  MgCl,  or 
MgCU,  or  MgCli,  or  MgCl*,  etc.,  and  whether  its  sulphate  is  MgSO*, 
or  MgtSOi,  or  some  other  combination  of  the  symbols.    To  answer 
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questions  like  this  it  is  not  necessary  to  know  the  formula  of  every 
compound  of  each  el^aent;  the  apparent  disorder  of  these  numbers 
can  be  reduced  to  rule,  and  the  reader  should  ^ideavor  thoroughly 
to  master  the  rule  before  going  farther. 

Thus,  suppose  that  we  require  the  formula  of  aluminium  hydrox- 
ide. Up  to  this  point,  we  should  have  been  compelled  to  look  for 
it  in  a  book.  And  if,  later,  we  needed  the  formula  of  fduminium 
Eulphate,  we  should  have  had  to  look  that  up,  separately,  also. 
But  now,  all  we  need  is  to  know  the  valence  of  aluminium  Al'",  of 
the  hydroxyl  radical  (OH)',  and  of  the  sulphate  radical  (804)".  ' 
Making  the  total  v^ences  in  each  half  of  each  compound  alUte,  we 
write  the  formulse  Al"  (0H)«',  Alt™(SO0.°. 

The  reader  must  make  a  special  effort  to  note  the  valences  of 
each  element  and  radical,  and  always  to  use  them  in  making  formulae. 
If  a  formula  is  written  from  memory,  the  valoices  must  be  checked, 
to  make  sure  that  the  formula  is  correct. 

How  to  Learn  the  Valence  e$  an  JEIentsnt.  —  To  find  out  the 
valence  of  an  element,  we  must  obt^u  the  formula  of  one  simple 
oompoimd  of  the  element,  cont^ning  another  element  of  known 
valence.  Thus,  what  is  the  valence  of  carboiiT  Its  oxide  is  COi. 
The  total  valence  of  oxygen  here  ia  2X2  =  4.  Carbon  C"  is 
therefore  qtudilTalont.  Hence  its  chloride  must  be  C^CI*'  (carbon 
tetrachloride),  and  its  compound  with  hydrogen  QF'^i  (methane, 
oiHupodng  a  large  part  of  natural  gas).  When  carbon  combines 
with  a  trivalent  element,  equi-valent  amounts  of  each  element  must 
be  used,  as  in  AU™  C»"^  (aluminium  carbide)^  where  AU*"  and  C»" 
contain  3  X  4,  or  12  units  of  valence  each. 

Again,  when  we  know  the  formula  of  sodium  iodide  to  be  Nal, 
or  that  of  hydrt^en  iodide  to  be  ffl,  we  infer  that  iodine  is  univalent. 
The  formula  of  mlica  (sand)  SiOt"  shows  silicon  to  be  quadrivalent, 
and  indicates  that  the  chloride  must  be  SiCU.  Similarly  the  formula 
of  calcium  carbonate  Ca^COi  shows  that  the  radical  COg,  which  is 
common  to  all  carbonates,  must  be  bivalent. 

Tha  chamlst  does  not  memorize  the  valences  themselves;  he  re- 
eonnrs  Uu  valuies  of  an  ttleinsnt  or  radical,  when  n««d«d,  br  recallinc 
thft  fonmula  of  a  lubstanea  contalnlnff  this  elamsnt  or  radical  in  00m- 
bfnatlon  with  a  men  familiar  alsmont  or  radical,  such  as  CI'  or  H^. 

^etnentB  loith  More  than  One  Valence.  —  The  rule  of  va- 
lence is  atnnewhat  complicated  hy  the  fact  that  many  elements  show 

_     Coosic 
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more  than  one  valence.  In  other  words,  the  combinmg  capacity 
of  an  atomic  weight  of  such  an  element  may  have  two  (or  even 
more)  valences,  according  to  the  conditionB  under  which  the  action 
takes  place.  This  is  as  much  as  to  say  that  an  atomic  wdght  of 
such  an  element  may  form  stable  compounds  with  two,  or  even 
more  different  numbers  of  equivalents  of  another  element.  This 
fact  has  already  been  mentioned,  for  it  ia  implied  in  the  law  <A  mul- 
tiple proportions  (p.  58). 

Thus,  we  have  encountered  two  chlorides  of  iron,  ferrous  chlo- 
■  ride  Fe''Cl»'  and  ferric  chloride  Fe^'Cli',     We  have,  in  fact,  two 
complete  series  of  compounds  of  iron,  such  as: 

BioaUfnt  {Ferrous):        FeCl,,  FeO,  FeSO,. 
Trivaleni  {Ferric):         FeCI»,  Fe,0,,  Fe,(SO*)j. 

When  an  element  forms  two  such  series  of  compounds,  we  always 
call  particular  attention  to  the  fact. 

As  a  rule,  an  «l«ment  pmsm  from  ona  fona  of  oomMnation  to 
anothw  without  cbanc*  of  valanco.  But  compounds  of  elements 
like  tin  can  also  undergo  changes  in  course  of  which  the  valence 
alt«rs.  Cases  of  this  kind  wiU  be  considered  whesi  they  arise  (see 
Preparation  of  chlorine). 

Exceptional  Valances.  —  Some  elements  show  an  exceptional 
valence  in  one  compound.  The  v^ences  shown  in  series  of  com- 
pounds are  the  important  ones,  and  the  exceptions  need  not  par- 
ticularly concern  us.  Thus,  in  addition  to  the  oxides  FeO  and  FejOa, 
iron  ^ves  the  magnetic  oxide  FeaOi,  where  the  valence  of  iron  ap- 
pears not  to  be  a  whole  number,  but  ^  or  2}.  The  valence  is  made 
regular  by  supposing  the  oxide  to  be  a  compound  of  the  other  two 
oxides,  as  if  the  formula  were  FeO.FesOj, 

Nomenclature,  —  The  names  of  compounds  containing  only 
two  elements  (the  true  binary  compounds)  end  in  ld«.  Such  are 
the  oxides,  as  ferric  oxide  FejOi;  the  carbii^,  as  aluminium  carbide 
AUCs;  the  chlorides,  as  sodium  chloride  NaCl;  the  sulphides,  as 
ferrous  sulphide  FcS,  etc.  This  appUes  also  to  oompounds  con- 
taining positive  compound  radicals,  as  ammonium  chloride  (NH<)C1. 

When  an  element  fonns  two  (or  more)  compounds  with  another 
element,  they  are  frequently  distinguished  thus:  carbon  dioxide 
COi,  carbon  monoxide  CO;  phosphorus  pentodde  PjO»,  phoephonia 
_frioxide  PjOj. 
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To  distioguiah  two  compounda  of  the  some  elements,  another 
l^aii  is  ala6  used;  ferrous  chloride  FeCli,  ferric  chloride  FeCIi;  mer^ 
ouroiu  oxide  H^O,  mercuric  oxide  HgO.  The  suffix  oua  indicates 
that  the  metal  is  combined  with  the  smaller  proportion  of  the 
negative  element,  and  ic  that  it  is  combined  with  the  larger  pro- 
portioa. 

The  tendency  —  although  not  a  universal  rule  —  is  to  use  the 
latter  plan  with  compounda  containing  a  metal  and  the  fonner  with 
compounda  containing  only  non-metala. 

Valence  and  Equivalent  Weighta:   A  Different  ViewpiAnt. 

—  In  the  foregoing  discus^on  of  valence,  we  have  more  than  once 
UBod  the  word  "equivalent."  If  the  method  by  which  the  atomic 
wtag^tB'were  derived  from  equivalents  (p.  63)  be  now  reexamined, 
a  different,  and  instructive  view  of  the  nature  of  valence  will  be 
obt^ned.  It  was  found,  for  example,  that  9.03  parts  of  aluminium 
(p.  63)  combined  with  the  equivalent  wights  of  the  other  elem^its, 
and  th^^fore  with  35.46  parts  of  chlorine.  If  this  weight  of  alu- 
minium had  been  accepted  as  the  final  unit  (the  atomic  weight), 
thai  it  would  have  been  represented  by  the  symbol  Al  and,  since  CI 
stands  for  35.46  parts  of  chlorine,  the  formula  of  the  chloride  would 
have  been  AICl.  In  point  of  fact,  however,  a  number  three  times 
as  large  as  the  equivalent,  namely  27.1,  was  chosen  as  the  atomic 
w^ght  of  aluminium,  and  the  symbol  Al  stands  for  this  triple  quan- 
tity. If  the  equivalent  of  chlorine  had  also  been  tripled  in  maldiig 
its  atomic  weight,  the  amounts  represented  by  the  symbols  would 
still  have  be«»i  chemically  equivalent  and  the  formula  would  still 
have  been  AlCl.  But  the  equivalent  of  chlorine  was  left  unaltered. 
Hence,  to  get  the  equivalent  amounts  {i.e.,  the  actual  combining 
quantities)  of  the  two  elements,  we  must  have  3C1  with  lAl.  The 
formula  is  thus  A1C1«.  Now,  it  is  evident  that  this  tripling  of  the 
equivalent  of  aluminium  will  affect  the  formulfe  of  oU  its  compoimds. 
Whenever  it  is  combined  with  an  element  which,  like  chlorine,  has 
identical  equivalent  and  atomic  weights,  the  formula  of  the  com- 
pound will  be  of  the  form  AlXi.  In  accordance  with  this  we  have 
the  bromide  AlBn.  In  mftlting  the  formuhe  of  compoimds  of  alu- 
minium, the  chief  thing  to  be  kept  in  mind,  therefore,  is  the  fact 
that  its  atomic  w^ght  contains  three  equivalents  and  always  com- 
bines with  three  equivalents  of  another  element.  This  fact  we  state 
by  saying  that  the  valenc*  of  the  atomic  weight  of  aluminium  is 
three,  or  simply  that  Uw  stommt  aluminium  Is  trivalsnt. 
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Similarly,  the  equivalent  of  tin  is  59.5  and  its  atomic  wdght  ia 
119.  This  atomic  weight  therefore  contains  two  equivalents  of  tin 
and  combines  with  two  equivalents  of  any  other  element.  Hence, 
the  formula  of  a  compound  of  tin  with  an  element  of  the  chlorine 
daaa  will  be  SnXs.  Thus  tin  is  btvslant.  In  like  manner  the  equiva- 
lent of  sodium  is  23,  and  this  number  was  not  altered  in  nialcing  the 
atomic  weight.  Hence,  the  symbol  Na  stands  for  one  equivalent, 
aod  the  formula  of  the  compound  with  chlorine  is  NaCl.  Elements 
whose  atomic  weights  are  identical  with  their  equivalents  are  de- 
scribed as  imlvalant. 

Thus  tha  nivnm  at  an  sUmont  may  be  defined  as  the  nttmbor  of 
«qulval«at  welcbts  oontalned  in  its  atomlo  woicbt.  ArithmeticaUy 
it  is  the  integer  by  which  the  equivalent  weight  was  multip^ed  in 
forming  the  atomic  weight. 

The  above  mode  of  handling  valence  is  based  upon  the  notion  of 
combination  in  equivalent  proportions.  Another  variety  of  chemical 
change,  namely  displacement  (p.  18),  is  often  of  as^tance  in  ena- 
bling us  to  determine  the  valence  of  an  elem^it.  It  will  be  noted 
that  when  Al  acted  upon  hydrochloric  acid  (p.  118)  and  combined 
with  3C1,  it  necessarily  displaced  the  3H  with  which  the  3C1  was 
formerly  united.  It  was  equivalent  to  3H  for  the  purpose  of  holding . 
3C1  in  combination.  It  is  from  this  aspect  of  the  relation  that  the 
word  "valence"  comes.  Al  ia  equi-valent  to  3H,  and,  H  having  the 
unit  valence,  Al  is  trivalent.  Similarly,  since  one  atomic  weight  of 
zinc,  represented  by  the  symbol  Zn,  displaces  2H  (p.  118)  sine  must 
be  bivalent.  Combining  this  with  the  former  conception,  we  reach 
a  da&nlUon  (rf  tho  valsnc*  of  an  alBnunt:  The  vklaic«  of  an  dommt  Is 
tbo  numbor  of  oqulralsnt  weights  which  its  atomic  weifl^t  oontains  and 
Is  therotore  the  number  of  equivalent  weififats  of  another  dement  or 
radical  which  Its  atomlo  weight  is  able  to  combine  witli  or  diaplac«. 

It  will  be  seen  that  the  equivalent  weight  can  always  be  found 
by  a  quantitative  experiment.  It  is  also  evident  that  it  is  equal  to 
the  atomic  waght  divided  by  the  valence.  It  is  likewise  clear  that 
the  equivalent  weight  of  an  element,  multiplied  by  the  valence  of 
that  element,  is  equal  to  the  atomic  weight.  The  conception  of 
equivalent  weight  finds  application  in  several  connections  in  chem- 
istry (see  Normal  Solutions  and  Faraday's  Law). 

Ab  we  have  aeea  (p.  134),  the  regiiUr  valence  of  an  element  cannot  be  learned 
by  exaraining  the  composition  of  a  compound  choeen  at  random.  Thus  FeS, 
H^,  HgS,  and  other  compounds  show  sulphur  to  be  bivalent,  lliere  is  also  a 
series  in  which  sulphur  is  sexivaleot,  aa  in  SOi.    But  the  compound  Sfk,  in  which 
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adphur  appears  to  be  trivalent,  is  an  isolated  case.  Again,  FeO,  Fffi,  FeCli 
■how  iron  to  be  bivalent,  and  FeCU,  Fei(SOi)i,  etc.,  allow  it  to  be  bJbo  trivalent. 
But  F^Oi,  the  magnetic  oxide,  ia  an  exception.  Valence  haa  to  do  maiuiy  with 
chemical  iTUeraelions,  in  which  the  element  either  panes  from  one  state  tit  com- 
tHuation  to  another  without  change  of  valency,  or  goes  over  into  a  compound 
of  another  regular  geriee  with  another  regular  valence.  It  is  not  a  matttf  of 
statics.  Hence,  questions  aa  to  the  magnitude  of  the  valetice  in  isolated  oohh 
pounds  like  FetOt,  NjO,  and  so  forth,  are  at  present  of  minor  importance. 

A  definiti<»  of  valence  differing  from  those  given  above  is  preferred  by  many 
diemists.  The  atomic  wei^t  of  a  univalent  dement  can  bold  but  one  unit  of 
another  donent  in  combination.  Thus,  the  weight  of  chlorine  represmted  by  CI 
can  h<dd  but  one  H  or  one  Na  in  combination.  An  atomic  w«ght  <A  a  bivalent 
donoit,  although  it  combines  with  but  one  unit  of  another  bivalent  dement,  may 
hold  as  many  as  two  units  of  a  univalent  element  in  combination.  But  it  cannot 
hcdd  more.  A  unit  of  a  trivalent  element,  however,  may  hold  as  many  as  three 
nnits,  provided  the  other.element  is  univalent.  Id  this  point  of  view  the  TtlanM 
oC  an  alsnwnt  1b  tiie  Tnwdnnim  eapaol^  of  iu  atomic  weight  to  hold 
atomic  vaii^tB  of  pother  elvmants  in  combination. 

Odditiea  Connected  uith  Valence.  —  Whentiieconoqttioncrf  valence 
was  fiiit  evolved,  it  was  taken  tta  granted,  quite  mistakenly,  that  each  dement 
had  cmly  one  valence.  Hence,  when  pain  of  con^Munds  like  CuCl  and  CuGli,  or 
HgC3  and  HgCl^  or  FeCIi  and  FeCli  were  oonaidered,  and  it  was  assumed  that 
eoppa  was  alieoyt  bivalent,  mercury  bivalent,  and  iron  trivalent,  the  formuin 
bad  to  be  distorted  to  fit  this  anuraptJon.  Henee  the  formula  of  cupmua  chloride 
waa  written,  and  is  still  (rften  written,  Cu^li.  The  foimulffi  (rf  the  two  chltHidea, 
wrftte&gr^ihically(p.  131}thenbeoaine:  CI- Cu-Cu-ClandCl-Cu-a.  ' 
In  both,  eadi  atom  of  copper  was  hdding  (on  paper)  two  other  at(»ns,  and  was 
tbsref oM bivalmt  (onp^ter).    Smilarlydoublii^HgClffiveCi—  Hg  —  Hg—  CI, 

C\  /Q 

and  doid>Iing  FbCli  fftn  Fe  —  Fe        ,  whne  the  merairy  ^>peared  to 

be  bivalrait  and  the  iron  trivalent.  lAt^,  however,  iriien  dements  tike  indium 
wefe  found  to  have  three  valences,  e.g.,  InCl,  InCli,  and  InCU>  and  the  com- 
poonds  of  manganese  could  not  be  claaaified  unlese  five  different  valences  were 
admitted,  and  many  oth»  dements  turned  out  to  be  multi-valent,  the  idea  ol 
a  fixed  valence  for  each  dement  was  t^ven  up.  It  is  entirely  contrary  to  the 
scientific  method  to  invent  or  to  distort  facts  so  as  to  procure  support  for  a 
notion  which  is  a  mere  assumption,  and  not  founded  upon  experiment.  Yet, 
the  histcsy  of  the  science  shows  that  such  errors  were  frequently  committed. 

The  fact  is  that  a  free  dement,  lilce  mercury,  has  no  valence,  for  its  atomic 
wei^t  is  not  combined  with  even  one  equivalent  of  any  other  dement.  When 
combined,  mercury  shows  two  different  valences,  as  in  HgiO  and  HgO,  EgCl  and 
Hga»  HgNa  and  Hg(NO,)t 

It  is  only  in  the  chemistry  of  carbon  that  the  prejudice  in  favor  of  a  ni^e 
vatence  still  peisistB.    All  chemists  admit  that  in  cartxm  monoxide  CO  Uw 
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carbon  is  bivalmt.  But  not  all  chemists  admit  that  tt  is  also  bivalent  in  ful- 
minic  acid  H  —  O  —  N  =  C  and  in  the  isonitriles  R  —  N  ■=  C.  For  the  unsatu- 
rated compounds,  like  ethylene  CiH,,  and  acetylene  CiH],  all  chemists  mite 
the  fonDidffi  H,'C-C>^H„  and  H-CbC-H,  although  there  is  at 
preeent  no  experimental  evidence  that  the  formube  E|  =  C  —  C  ^  H|  and 
H  —  C  —  C—  H,  in  which  the  carbon  is  tiivalent  and  bivalent,  req>ectively, 
do  not  represent  the  facta  equally  wdl,  so  far  at  least  as  valence  is  conoemed. 
When  triphratylmethyl  (C(Hi)iC  was  discovered  by  Gomh(x%,  it  seemed  as  clear 
that  in  this  substance  one  atom  of  carbon  was  trivaleht,  as  that  the  oquper  in 
Cul  is  univalent;  but  violent  efforts  were  made  to  avoid  this  obvious  ooncluai». 
For  example,  it  was  Buggested  that  three  of  the  valences  held  one  CtH*  group 
each,  and  that  the  fourth  valence  was  divided  amongst  the  three  groups  (partial 
valence).  But  valence  goes  by  multiples  <^  one  equivalent,  and  ttus  idea  in- 
volved eptitHTtg  one  valence  into  thirds  of  an  equivalent.  The  aSinUy  of  Uie 
csrboQ  atoms  is  doubtlen  all  divided  amongst  the  three  groups,  so  long  sa  no 
fourth  group  is  present  to  diare  it,  for  affinity  is  not  divided  info  any  definite 
number  (A  unit«.  Thin  a  a  case  of  unconsciously  confusing  valence  and  affinity. 
If  we  venture  thus  to  ignore  the  facts,  then  logically  we  must  assume  Quit  in 
FeCli  the  ircm  is  trivalent,  and  the  tiiird  valence,  in  the  absoice  of  a  third  atom 
of  dilcaine,  is  bdng  employed  on  the  other  two.  C3eaiiy  evesy  dementyinchid- 
ing  carbcKi,  is  entitled  to  use  all  tiie  diSoent  valences  which  are  arithmetical^ 
poeeiUe,  up  to  the  maximum  which  it  ever  extubits.  Hie  valenoe  of  iron  (or 
carbon)  in  a  ^ven  conqiound  is  not  the  maximum  valence  that  it  shows  in  some 
other  compound,  but  the  vslence  it  is  actually  vtin^i  in  the  compound  in  questicn, 
just  as  the  mon^  a  man  has  in  his  pocket  is  the  amount  actually  there,  aod  not 
BtMDe  larger  amount  we  think  he  ought  to  have. 

finally,  it  may  be  noted  that  univalent,  bivaloit,  and  trivalent  are  tcnue 
of  Latin  doivation.  But  tetfavident  is  a  hybrid,  a  mixture  of  QKxk  aod  latin. 
One  should  use  dtha-  the  lAtJn  numerals  or  the  Gredt  numerals,  exclusively. 
In  this  bode  the  lAtdn  ones  am  employed  and  the  remaining  valeaioes  are  quadri- 
val«nt,  qumquivalent,  aexivalent,  s^tivalent,  and  octovalent. 

Inept  DefinitioTU  of  Valence.  —  No  conception  in  chemisdy  is  mon 
frequently  defined  loosely  or  even  inaccurately  than  is  valenoe.  Thus,  one  type  of 
definition  runs  somewhat  as  follows;  "The  valence  of  an  dem^t  is  the  numba 
of  atoms  it  can  combine  with  or  displace."  Before  criticising  a  general  statonent, 
it  is  well  to  substitute  concrete  things  for  the  general  terms.  "The  valenoe  <rf 
oxygen  is  the  number  of  atoms  oxygen  can  combine  with  or  displace."  Tlie 
number  (A  atoms,  Bay  of  hydrogen,  with  which  oxygen  can  combine  depmds 
entirely  on  haw  much  oxygen  is  available.  A  ton  of  oxygen  will  combine  with 
many  more  than  an  ounce,  and  an  ounce  with  many  more  than  an  atom.  But 
this  type  of  definition  omits  to  spedfy  the  amount  of  oxygen,  namdy  tite  atomic 
weight,  or  atom,  to  which  the  definition  of  val«)ce  alone  applies.  Oxygen,  as  a 
substance,  is  a  general  t«nn  —  unlimited  ss  to  amount  —  so  that  according  to 
this  definition,  the  valenoe  of  every  element  must  be  infinityl    Tlie  valeikce  is  not 
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■  pn^)aiy  of  the  element  in  general,  but  only  of  its  atomic  wei^t  (or  atom),  and 
sotfaeatomicwei^t  must  be  mentioned.  "The  valence  of  an  atom  erf  an  element 
is  the  (maximum)  number  <rf  atoms  it  can  combine  with  or  diqiJaoe."  Or  "the 
valence  of  an  dranent  ia  the  (maximum)  number  of  aUodb  ila  aUm  con  combine 

Almost  every  publiriied  discussion  of  valence  employs  the  word  powM^< 
Thus:  "  Valence  is  the  power  of  the  atom  of  an  elem^it  to  hold  atoms  of  other 
elemoits  in  combination."  Now  power  is  defined  in  phyaca  as  the  rate  at  which 
a  maehine  does  wcU'k.  Valence  —  say  that  in  a  pound  of  salt  —  does  no  woric 
whatever.  Hence,  when  the  word  power  is  used,  the  valence  of  every  elem«mt 
beoomea,  ipso  farlo,  leTol  This  definition  goes  to  the  opposite  extreme  of  error 
from  the  last.  The  word  suggests,  and  is  perhaps  intended  to  suggest,  that  va- 
lence is  a  measure  erf  the  force  with  which  the  atoms  ore  held  together  in  a  com- 
pound. But  valence  has  nothing  to  do  with  the  force  —  which  is  a  question  trf 
affinity  —  but  solely  with  the  quantity  of  matter  held  in  combination.  Thus, 
gold  is  triralent  (AuCli),  but  the  chloride  can  be  decomposed  by  genUe  heating, 
while  sodium  is  univalent,  yet,  its  chloride  NaCl  can  be  vaporised  at  a  high  tem- 
perature without  decomposition.  So  an  atom  of  gold  holds  three  times  as  much 
chknne  in  combination  as  does  an  atom  of  sodium  (and  is  trivalent),  although 
it  holds  it  very  feebly,  or,  as  one  mi^t  say,  with  little  force  or  "power."  Valenoe 
is  the  nun>6er  of  equivalratts  combined  with  the  pven  atomic  weight:  it  is  simi^y 
a  question  of  ospudlr  (see  definition,  p.  137).  A  tank  might  have  a  capacity  of  a 
hundred  million  gallons  of  water,  yet,  if  the  tank  were  dose  to  the  sea  level,  the 
avail&ble  poioer  would  be  almost  sero.  C^iacity  and  fon«  and  power  are  entirely 
different  conceptions.  The  atom  of  some  element  mi^t  be  able  to  bold  eight 
atoms  of  hydrogen  in  combination  —  that  would  be  its  capacity  or  valence  — 
yet,  it  might  hold  them  bo  feebly  (with  so  little  force  or  "power")  that  the  oom- 
poand  would  give  off  hydrogen  at  room  temperature,  and  would  have  to  be  k^t 
in  a  refrigerate.  Correct  use  of  technical  terms  ia  indispensable  in  chemistry, 
and  ciqMcity,  not  power,  is  the  term  applicable  to  valence. 

Exercises.  —  1.  Make  equations  for  reactions  in  which  hydro- 
gen is  liberated  by  the  action  of:  (a)  hydrochloric  acid  and  magne- 
num,  giving  MgClt,  (6)  steam  and  zinc,  giving  ZnO. 

2.  Make  an  equation  for  the  action  of  heat  on  mai^anese  dioxide 
MnOi,  ^ving  oxygen  and  MnjO^. 

3.  What  must  be  the  relative  rates  of  difFunon  of  hydrogen  and 
of  carbon  dioxide? 

4.  Make  equations  to  represent,  (a)  the  reduction  of  lead  dioxide 
PbQi  by  hydn^en;  (b)  the  actions  of  aluminium  upon  cold  water 
and  upon  steam  at  a  red  heat. 

5.  Which  are  the  components  (p.  7)  of  dilute  sulphuric  acid 
and  which  are  the  constituents  of  sulphuric  acid? 

6.  What  are  the  valences  of  the  negative  radicals  of  phosphoric 
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acid  H*P04,  and  of  acetic  acid  (p.  117)?  What  must  be  the  formula 
of  calcium  phosphate,  cupric  acetate  (p.  118),  aluminium  phosphate, 
ferrous  carbonate,  ferrous  sulphate,  cupric  chloride? 

7.  What  is  the  valence  of  phosphorus  in  phosphoric  anhydride 
(p.  90)?  What  must  be  the  formula  of,  (a)  the  corresponding  chlo7 
ride  and  the  sulphide  of  phosphorus,  and  (6)  of  aluminium  oxide? 

8.  What  are  the  valences  of  the  elements  in  the  following :  LiH, 
NH,,  SeHi,  BN? 

9.  What  are  the  valences  of  the  metals  and  radicals  in  the  follow- 
ing:  Pb{.NO.)„  Ce(SO,)„  KCl,  KMnO,  (potassium  permanganate)? 
Name  all  the  substances  in  8  and  9. 

10.  Write  the  formulfe  of  ferrous  and  ferric  oxides,  of  ferrous 
and  ferric  nitrates,  of  stannous  and  stannic  sulphides. 

11.  One  gram  of  a  quadrivalent'  element  unites  with  0.27  g.  of 
oxygen.    What  ia  the  atomic  weight  of  the  element? 
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WATKB 

The  great  quantity  of  water  which  occurs  in  nature  makes  it  one 
of  the  most  familiar  chemical  substances.  The  ocean  covers  about 
ttiree-fourths  of  the  surface  of  the  earth,  and  in  most  habitable  regions 
lakes  and  streams  abound.  The  "dry"  land  is,  fortunately,  far  from 
being  really  dry.  Water  is  found  also  in  the  bodies  of  both  animals 
and  plants  in  large  quantities,  and  is  indeed  essential  to  the  working 
of  living  organisms. 

Natural  Waters.  — The  water  found  in  nature  varies  greatly  in 
the  amount  of  fordgn  material  which  it  contains.  Sea-water  holds 
about  3.6  per  cent  of  solid  matter  in  solution,  while  rain-water  is  the 
purest  natural  water.  Even  rain-water  contains  foreign  matter,  how- 
ever. When  we  heat  it,  bubbles  of  gaa  form  on  the  sides  of  the  vessel, 
showing  that  oxygen,  nitrogen,  and  carbon  dioxide  from  the  air  have 
been  diaaolved  by  the  water  as  it  fell.  On  evaporating  a  considerable 
mass  of  such  water,  we  find  that,  aade  from  dust,  crystals  of  chemical 
substances,  Buch  as  ammonium  nitrate,  miay  be  recognized  in  the 
le^due.  Of  well  and  surface  waters,  some  which  contain  calcium 
sulphate,  calcium  bicarbonate,  and  compounds  of  magnesium  in 
solution  are  described  as  bard.  Others  contain  compounds  of  iron, 
and  still  others  are  effervescent  and  give  off  cariwn  dioxide.  These 
are  called  miner^  waters.  All  of  the  dissolved  substances  are 
obtained  by  the  water  in  its  progress  over  or  under  the  surface  of  the 
ground. 

Water  which  is  to  be  used  for  doioestic  purposes  is  examined,  not 
only  to  ascert^  the  amount  of  the  ingredients  which  produce  hard- 
Dees,  but  also  with  reference  to  the  proportion  of  organic  matter  which 
it  may  bold  in  solution.  This  usually  gains  access  to  the  water  by 
admixture  of  sewage  (p.  92).  It  is  not  the  organic  matter  itself  which 
is  deleterious,  but  the  bacteria  of  putrefaction  and  disease  which  are 
hkely  to  accompany  it.  If  the  water  contains  clay  in  suspension,  the 
bacteria  are  largely  attached  to  the  particles  of  clay,  but  organic 
matter  and  bacteria  may  be  present  in  water  which  looks  perfectly 
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clear.    Inoculation  of  culture  media  with  the  water  can  alone  show 
whether  or  not  bacteria  are  present. 

The  foreign  materials  which  water  may  contain  are  divisible  into 
two  kinds — -dlMolvod  matter  and  8usp«nd»d  matter.  No  natural 
water  is  entirely  free  from  either  of  these  varieties  of  impurity. 

Purification  from  Suspended  Matter  and  Bacteria.  —  The 

suspended  impurities  may  be  removed  by  filtration.  On  a  large 
scale,  beds  of  gravd  are  employed,  but  this  treatment  will  not  remove 
all  bacteria.  In  many  cases  small  amounts  of  alum,  or  alum  and 
lime,  or  ferrous  sulphate  (copperas)  and  lime,  are  added.  These 
produce  slimy  precipitates  which  assist  in  the  elimination  of  fine, 
suspended  inorganic  and  organic  matter,  including  practically  all 
bacteria.  This  is  called  the  ootfulatioii  treabovnt  (_q.v.).  The  whole 
suspended  matter  is  then  allowed  to  settle,  which  it  does  very  quickly, 
in  lai^e  reservoirs.  The  remaining  organisras  may  be  destroyed  by 
adding  a  little  bleaching  powder  (q.v.),  or  chlorine-water,  before  the 
^^^  water  is  distributed.  Ozone  (q.v.)  and  ultra-violet  light 
^BB  are  used  for  the  same  purpose,  the  latter,  for  example,  at 
Rouen.  The  ultra-violet  light,  which  is  a  light  of  very 
short  wave  length,  is  produced  6y  an  electric  arc  pasang 
through  mercury  vapor  in  a  container  of  quartz  (glass 
absorbs  and  destroys  this  light).  The  water  must  first 
be  filtered  so  that  the  hght  may  be  able  to  penetrate  it. 
A  3-ampere  lamp  on  a  220-volt  circuit  will  kill  the  colon 
bacilli,  organisms  associated  with  those  which  produce 
typhoid  fever,  in  a  layer  of  water  10  cm.  thick  in  1  second 
and  in  a  layer  40  cm.  thick  in  fifteen  seconds.  The  flow 
of  the  water  is  regulated  so  as  to  permit  sufficiently  long 
exposure  to  the  rays. 

In  the  household,  the  Past«ur  filter  is  the  most  com- 
pact and  efficient  appliance.  The  water  enters  at  the 
top  (Fig.  52)  and  is  forced  inwards  by  its  own  pressure 
through  the  pores  of  a  cylinder  of  unglazed  porcel^. 
The  cyhnder  must  be  taken  out,  and  its  exterior  cleaned 
daily  with  a  brush,  to  remove  the  mud  and  organisms 
which  collect  on  its  outer  surface.  If  this  is  not  done,  the  organisms 
multiply  and  soon  the  filter  pollutes  the  water  instead  of  purify- 
ing it. 

Most  organisms  can  be  killed  by  boihng  unfilt«red  water  for  10  or 
15  minutes,  although  a  second  boiUng  is  needed  in  some  caaee. 
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Purification  from  Dissolved  Matter.  —  FiltmtioD  does  not 
remove  dissolved  matter,  and  therefore  does  not  soften  hard  water 
(!•>■)• 

Pure  water  for  chemical  purposes  is  prepared  by  distillation  and, 
in  fact,  liquids  other  than  water  are  usually  purified  by  the  same 
process  (Fig.  20,  p.  43).  The  steam  is  condensed  by  cold  water 
circulating  in  the  jacket,  and  cont^ns  at  first  cmly  gases  dissolved 
from  the  air.  The  dissolved  solids  remain  in  the  flask.  Distilled 
wster  quickly  dissolves  traces  of  glass  or  porcelwn,  so  that  the  purest 
watCT  is  obtained  by  using  quartz  or  platinum  for  the  condenser 
tube  and  receiving  vessel.  Tin  is  the  best  of  the  less  expensive 
mateiiak. 

That  glass  dissolves  in  water  is  easily  shown  by  shaking  some 
pulverized  glass  with  distilled  water  for  a  few  seconds  and  adding  a 
drop  of  phenolphthalela  solution  (see  Indicators).  The  alkaline 
reMtion  of  the  dissolved  sodium  ^cate  gives  rise  to  a  stroi^  pink 
color  [Lect.  exp.). 

Physical  Properties  of  Water.  —  When  we  view  a  white  object 
through  a  deep  layer  of  water  we  find  that  the  liquid  has  a  blue  or 
greenish-blue  color.  At  a  pressure  of  760  mm.,  water  exists  as  a 
liquid  betweeb  0°  and  100°.  Below  0°  it  becomes  solid,  above  100° 
&  gas.  Of  all  chemical  substances  it  is  the  one  which  we  use  most,  so 
that  familiarity  with  ite  physical  properties,  discussed  below,  is  in<Us- 
poisable  to  the  chemist.  It  will  serve  also  as  a  typical  liquid,  since 
it  differs  from  others  only  in  details. 

The  quantity  of  heat  required  to  rwse  one  gram  of  water  one 
degree  in  temperature,  at  15°,  is  called  a  oalorlo,  and  is  the  unit  of 
heat.  The  specific  heat  of  any  substance  being  also  the  quantity  of 
heat  required  to  raise  the  temperature  of  one  gram  of  the  substance 
one  d^ree,  the  specific  beat  of  water  is  1.  The  values  for  other 
substances  are  all  smaller  {e.g.,  limestone  0.2).  Thus  the  tempera- 
ture of  lai^  masses  of  water,  such  as  lakes  and  seas,  changes  more 
^wly,  and  mthin  a  smaller  range,  than  that  of  the  rocks  and  soil 
composing  the  land.  The  more  constant  temperature  of  the  water 
tends  to  r^ulat«  that  of  the  air,  and  hence  the  climate  of  islands  is 
leas  variable  from  season  to  season  than  is  that  of  a  continent. 

The  wd^t  of  a  cubic  centimeter  d  vater  at  4°  gives  us  our  unit,  the  grun.  A 
UlDgnm  irf  w&tcx  st  0°  occupies  1.00013  liters,  or  0.13  c.c.  more  than  at  4°  C.  A 
ldl(«nuii  of  ice  at  0°  oocui»es  1  09083  liteia,  or  90.7  c.c.  more  than  an  equal  weight 
tt  wihr  at  0°.    The  volume  ot  one  Idlc^ram  of  watw  at  100°  is  1.0432  liten. 
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Ice.  —  The  raising  or  lowering  of  the  temperature  of  a  gram  of 
water  through  one  degree  correspondfl  to  the  addition  or  removal  of 
one  calorie  of  heat.  The  converaon,  however,  of  a  gram  of  water  at 
0°  to  a  gram  of  ice  at  0°  requires  the  removal  of  79  calories  of  heat. 
The  mere  melting  of  a  gram  of  ice  causes  an  absorption  of  heat  to  the 
same  amount.  This  is  called  the  lust  of  ftulon  of  ic«.  At  0°  a  mix- 
ture of  ice  and  water  will  remain  in  unchanged  proportions  indefinitely. 
Any  cause  which  tends  ■permanenily  to  lower  or  raise  the  temperature 
by  a  fraction  of  a  degree,  however,  will  bring  about  the  disappearance 
of  the  water  or  of  the  ice,  respectively.  This  temperature  (0°)  is 
called  the  melting-  or  the  frMztns-point  of  water.  Properties  of  this 
kind,  marked  by  traiuitlcm  points  from  one  state  to  another,  are  much 
used  in  chemistry  for  keeping  other  bodies  or  systems  at  a  constant 
temperature  during  measurement  or  observation.  A  mixture  of  ice 
and  water  surrounding  a  body,  when  kept  in  constant  agitation,  will 
automatically  maintain  the  body  at  a  fixed  temperature  (0°)  so  long 
as  both  components  hold  out. 

Water  can  easily  be  cooled  below  0°  (lupwcooled)  without  be^n- 
ning  to  freeze,  unless  it  is  stirred  or  "inoculated"  by  the  addition  of 
a  piece  of  ice.  Hence,  the  freezing-point  is  not  defined  as  the  point 
at  which  ice  b^ns  to  form,  for  that  point  varies,  and  is  always 
below  0°,  but  aa  the  temperature  of  a  well-stirred  rmxture  of  ice 
and  water. 

Steam..  —  At  atmospheric  pressure,  water  passes  into  steam 
rapidly  at  100°,  but  at  lower  temperatures,  and  even  when  frozen,  it 
does  the  same  thing  more  slowly.  It  changes  into  steam,  however, 
only  when  the  necessary  supply  of  heat  is  forthcoming.  One  gram  of 
water  at  100°,  for  example,  in  turning  into  a  gram  of  steam  at  100°, 
takes  up  540  calories.  This  is  called  its  luat  of  nporiution.  Steam, 
in  fact,  contains  much  more  internal  enei^y  than  an  equal  weight  of 
water  at  the  same  temperature,  just  as  water,  in  turn,  cont^ns  more 
energy  than  ice. 

Steam  is  a  colorless,  invisible  gas.  The  visible  cloud  of  fog,  seen 
when  steam  escapes  into  cold  air,  is  composed  of  minute  drops  of 
water,  formed  by  condensation,  and  ^daible  because  they  have 
surfaces  which  reflect,  light. 

The  temperature  of  100°  is,  like  the  melting-point  of  ice,  an  im- 
portant transition  point.  It  is  less  exactly  recoverable  by  amply 
keeping  a  vessel  full  of  water  in  ebullition,  however,  because  the 
natiu^l,  and  often  considerable,  variations  in  the  pressure  of  the 
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atmosphere  affect  it  more  markedly  than  they  do  the  melting-point 
of  ice.  Near  to  100°,  the  boiling-point  rises  or  falls  about  0.037°  for 
I  mm.  change  in  pressure.  On  the  top  of  Mont  Blano  water  boils  at 
84°.  The  melting-point  of  ice  ia  lowered  only  0.0075°  by  an  increase 
in  pressure  from  760  mm.  to  2  atmospheres  (1520  mm.) 

Most  substances  are  known  in  three  different  states  of  aggrega- 
tion, solid,  liquid,  and  gaseous.  There  is  no  magic  about  the  num- 
ber, three,  however.  Thus,  sulphur  has  a  vapor  state,  two  liquid 
states,  and  at  least  four  different  solid  forms.  There  are  even  five 
different  forms  of  ice,  and  most  sohds  probably  erist  in  several 
different  states. 
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Vapor  Preaaure  and  Aqueous  Tenaion,  —  The  quantity  of 
vapor  given  off  by  a  substance  is  defined  by  the  gaseous  pressure  it 
exercises.    This  is  called  the  ytupor  pfMsur*  of  the  substance. 

The  most  significant  fact  about  vapor  pressure  is  that,  when  ex- 
cess of  the  liquid  is  present,  the  pressure  of  the  vapor  quickly  reaches 
a  definite  maximum  value  for  each  temperature.  In  the  absence 
of  excess  of  the  water,  less  than  this  maximum  pressure 
may  exist.  More  than  the  maximum  pressure  proper 
to  a  ^ven  temperature,  if  produced  by  compree^on, 
cannot  be  nuuntained,  however,  for  a  part  of  the 
vapor  condenses  to  the  liquid  state.  The  magnitude 
of  this  maximum  vapor  pressure,  at  a  ^ven  temper- 
ature, depends  on  the  ability  of  the  particular  liquid 
to  generate  vapor.  This  maximum  vapor  pressure  is 
held,  therefore,  to  represent  the  v^K>r  t«iisloik  of  ths 
Uqald,  at  the  given  temperature,  and  this  is  a  specific 
property  of  the  substance. 

The  vapor  ten»on  may  be  shown  hy  allowing  a  few 
drops  of  water  to  ascend  into  the  vacuum  at  the  top  of 
a  barometric  column  (Fig,  53).  The  tube  on  the  left 
shows  the  mercury  when  nothing  presses  on  its  surface. 
The  tube  on  the  right  shows  the  result  of  admitting 
the  water.  The  pressure  of  the  atmosphere  being  the 
same  for  both,  the  smaller  height  of  mercury  which  now  suffices  to 
coimterb^ance  it  shows  that  somethii^,  which  can  be  nothing  but 
the  water  vapor,  is  pressing  on  the  surface  of  the  mercury,  and  makes 
up  the  rest  of  the  total  stress  needed.  The  difference  in  the  height 
of  the  two  columns  ©vea  the  value  of  this  pressure,  which  we  call 
0  of  the  water. 
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With  excess  of  liquid  water,  the  value  is  tliat  of  the  ^ipor  tenatHi 
of  the  liquid,  called,  in  the  case  of  water,  the  squwnu  tenilon. 

The  jacket  surrounding  the  tube  on  the  right  enables  us,  by  adding 
ice  or  waim  water,  to  keep  the  water  that  ia  admitted  to  the  ^^u:uum, 
and  the  parts  of  the  apparatus  immediately  in  contact  with  it,  at  fuiy 
temperature  between  0°  and  100°.  When  ice  is  used  out^de,  and  a 
piece  of  it  is  introduced  into  the  vacuum,  the  vapor  it  gives  off  quickly 
reaches  a  pressure  of  4.5  mm.  The  vapor  pressure  of  the  ice  takes  the 
place  of  i,5  mm.  of  mercury  in  balancing  the  atmospheric  pressure, 
and  so  the  mercury  column  falls  by  this  amoimt.  Similarly,  water  at 
10°  causes  a  fall  of  9.1  mm,  and  at  20°  of  17.4  mm.,  so  that  these 
represent  the  mercuiy-beight  values  of  the  aqueous  tension  at  these 
temperatures.  With  ether,  instead  of  water,  at  10°,  the  fall  ia  28.7 
mm.  The  quantHy  of  water  used  makes  no  difference,  so  long  as  a 
lUtle  more  is  present  than  is  required  to  M  the  available  space  wit& 
vapor.  Of  course,  if  a  large  amount  is  admitted,  its  dead  w^gbt  will 
take  the  place  of  an  equal  weight  of  mercury  in  balancing  the  pressure 
of  the  air.  If  there  is  a  measurable  column  of  water,  its  hdght  must 
be  divided  by  13.6  (the  denaty  of  mercury),  and  counted  as  if  it  were 
part  of  the  mercury. 

With  water  at  higher  temperatures  the  fall  of  the  mercury  column 
becomes  much  greater.  At  60°  it  is  92  mm.,  at  70°  it  is  233.3  mm.,  at 
90°  it  is  525.5  mm.,  and  at  100°  it  is  760  mm.  At  the  boiling-point, 
therefore,  the  aqueous  tendon  takes  the  place  of  the  whole  barometric 
column,  and  is  equal  to  the  average  air  pressure.  At  121° 
the  aqueous  tension  is  two  atmospheres,  at  180°  it  is  ten 
atmospheres  (see  Appendix  IV). 

There  is  another  standpoint  from  which  these  phe- 

Inomena  may  be  viewed.  Water  vapor  can  exist  at  10° 
only  if  the  pressure  u[x>n  it  is  9,1  mm.  or  less.  If  we 
— I  imagine  the  water  placed  in  a  cylinder  closed  by  a  frio- 
tiooless,  weightless  piston  (Fig.  54),  then  at  10°  the  piston 
wiL  remain  at  rest  whether  we  place  it  high  or  low,  pro- 
vided it  is  loaded  with  a  weight  exactly  equal  to  that  of 
a  layer  of  mercury  9.1  mm.  thick  covering  its  whole  area. 
We  speak  of  such  a  system  as  being  in  «qulUbiluin  (see  Chap-  IX). 
With  a  less  weight  the  piston  will  move  slowly  upwards,  as  the  vapor 
continually  ^ven  off  by  the  water  presses  upon  it,  until  it  reaches  the 
top  or  the  water  all  evaporates.  Conversely,  if  it  bears  a  greater  load, 
it  will  move  down  and  the  vapor  will  condense  on  the  walls  and 
bottom  of  the  cylinder  until  the  pbton  comes  in  contact  with  the 
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water  itself  and  the  vapor  is  all  abolished.  These  conceptions  will 
find  constant  application  not  only  to  physical  but  also  to  chemical 
phenomena.    The  expression: 

Aq  (liq.)f^Aq(vap.) 

is  used  to  represent  the  state  of  equilibrium  in  a  system  like  the  above. 
When  water  at  a  certain  temperature  has  ^ven  the  full  amount  of 
water  vapor  to  the  space  above  it  that  its  aqueous  tenaon  permits,  we 
say  tbat  the  space  is  wturated  with  vapor.  That  oonosotratioii  of 
vapor  which  constitutes  saturation  varies  with  the  temperature  of  the 
water  and  depends  ther^ore  solely  on  the  ability  of  the  water  to  give 
off  vapor.  It  has  nothing  to  do  with  the  uze  of  the  space,  and  is  even 
independent  of  other  gases  the  B[»ce  may  already  contain.  Thus,  if 
a  little  air  is  first  placed  above  the  dry  mercury  (Fig.  53),  causing  it 
to  fall,  the  addUvynal  depreeaon  produced  by  adding  water  is  the 
same  as  if  the  air  had  been  absent  (p.  111). 

Water  Vapor  in  the  Air.  —  The  space  immediately  above  the 
surface  of-  the  ground,  which  is  nuunly  occupied  by  atmospheric  Eur, 
is,  on  an  average,  less  than  two-thirds  saturated  with  water  vapor. 
That  is  to  eay,  such  air,  when  enclosed  in  a  vessel  containing  water, 
will  take  up  about  one-half  more  than  it  abeady  contains.  The 
vapor  of  water  at  100°  in  an  open  vessel  i&places  the  Mr  entirely  and, 
if  the  required  heat  of  vaporization  is  furnished,  the  liquid  boils. 

The  water  present  in  the  air  plays  an  important  part  in  many 
chemical  phenomena,  as  we  shall  see.  All  our  substances  and  appa- 
ratus have  traces  of  water  condensed  on  their  surfaces.  This  water  is, 
in  a  sense,  in  an  abnormal  condition,  for  it  does  not  evaporate  even  in 
dry  ur.  It  is  observed  to  pass  off  in  vapor,  however,  when  we  have 
occafflon  to  heat  the  substance  or  apparatus. 

Water  a»  a  Solvent.  —  One  of  those  physacal  properties  of  water 
which  are  most  used  in  chemical  work  is  its  tendency  to  dissolve  many 
substances.  This  subject  is  so  important  and  exten^ve  that  we  shall 
presently  devote  a  complete  chapter  to  some  of  its  simpler  and  more 
famiUar  aspects. 

diemical  Properties  of  Water.  —  Water  is  so  very  frequently 
used  in  chemical  experiments  in  which  it  is  a  mere  mechanical  ad- 
junct, tbat  the  beamier  has  difficulty  in  distinguishing  the  cases  in 
which  it  has  itself  taken  part  in  the  chemical  interaction.    The  rather 
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limited  list  of  kinds  of  chemical  activity  it  can  sbow  should  therefore  - 
receive  careful  notice: 

1.  Water  is  a  relatively  stable  substance. 

2.  It  combiDes  with  many  oxides,  forming  bases  or  acids. 

3.  It  combines  with  m&ny  substances,  chiefly  salts,  forming 
hydrates. 

4.  It  interacts  with  some  substances  in  a  way  described  as 
bydroly^.    This  property  will  not  be  discussed  until  a  characteristic    ' 
example  is  encountered. 

Perhaps  we  should  add  that  steam  at  a  high  temperature  oxidizes 
elements  which  readily  combine  with  oxygen.  For  example,  it  turns 
iron  into  the  m^netic  oxide  (p.  116).  At  such  high  temperatures, 
however,  the  water  is  partially  resolved  into  a  mixtiu^  of  hydn^en  and 
oxygen  and,  the  latter  being  the  more  active  of  the  two  elements, 
towards  iron,  the  oxidizing  effects  predominate.  Even  oth^  com- 
pounds containing  oxygen  will  give  exactly  the  same  reeulte.  Hence 
this  cannot  be  r^arded  as  a  property  of  water  itself. 

Water  a  Stable  Compound:  Dissociation,  —  In  the  case  of 
a  eompoimd,  the  first  chemical  property  to  be  given  is  always,  whether 
the  substance  is  stable  or  uustablo.  Usually,  the  spedfication  is  in 
terms  of  the  temperature  required  to  produce  noticeable  decomposi- 
tion. Thus,  potassiiun  chlorate  ^ves  off  oxygen  at  a  low  red  heat. 
Now,  water  vapor,  when  heated,  is  partially  decomposed  into  hydro- 
gen and  oxygen,  yet,  at  1882°  only  1.18  per  cent  is  broken  up,  and  at 
2000°  the  decompoedtion  reaches  only  1.8  per  cent.  When  the  tem- 
perature is  lowered,  the  gases  recombine  to  form  water.  Two  arrows 
in  the  equation  indicate  that  the  action  may  proceed  in  either  direc- 
tion —  is  ra>malbl«: 

H,0?:i2H-f-0. 

A  decomposition  which  increases  when  the  temperature  is  shifted 
in  one  direction  (usually,  though  not  always,  upward),  and  reverses 
itself  by  recombination  of  the  constituents  when  the  temperature  is 
displaced  in  the  other  direction  (usually  downward),  is  called  a 
dissociation  or  a  thermal  diuoclatlaii.  The  decomposition  of  potas- 
slum  chlorate  (p.  83)  is  not  a  dissociation,  because  it  is  not  reverable: 
oxygen  gas  will  not,  under  any  known  circumstances,  unite  directly 
with  potassium  chloride. 

Tha  word  umtabls  ta  troquently  mUuisd.  ThuB,  caldum  diloride  is 
Bometimea  said  to  be  unstable,  becftoae,  when  exposed  to  the  air,  it  takes  iq> 
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moiBture  and  finally  dinc^vee  in  the  water  Unu  acquired.  Or  pboephonia 
trichloride  ia  said  to  be  unstable  because  it  int^ncte  with  the  moisture  in  the  air, 
at  ferrous  Bu^>hat«  ia  said  to  be  unstable  because  it  is  ondiied  by  the  oxygm 
in  the  air.  Almost  every  substance,  however,  will  undergo  change  readily,  it  a 
properly  selected  substance  ia  allowed  to  cocne  in  contact  with  it.  Quicklime,  for 
example,  ia  quickly  slaked  by  water.  According  to  this  erroneous  view  pnto- 
tically  every  substance  is  unstable.  Quicklime  can  be  distilled,  wiUiout  decom- 
position,  at  the  temperature  <A  the  electric  arc,  and  is  extremely  stable.  Stability 
refers  addy  to  the  effect  of  energy,  usually  in  the  form  of  heat,  upon  the  substance, 
while  the  latt^-  is  carefully  isolated  from  all  other  substances.  The  interactions 
ol  Uie  substance  with  the  components  of  the  air,  and  with  other  reagents,  must 
be  recorded  aa  separate  chonical  propertieB. 

Union  of  Water  with  Oxides,  —  1.  Sodium  codde  NajO  unites 
violently  with  water  to  fonu  sodium  hydroxide: 

Na,0  +  H,0->2NaOH. 

The  Bl&king  of  quicidime  is  a  more  familiar  action  of  the  aame  kind: 

CaO  +  HiO  -» Ca(OH),. 

No  other  pnoducta  are  formed.  The  clouds  of  steam  produced  in  the 
second  instance  are  due  to  evaporation  of  a  part  of  the  water  by  the 
heat  produced  in  the  formation  of  calcium  hydroxide.  The  aqueous 
solutions  of  these  two  products  have  a  soapy  feehng,  and  turn  red  lit- 
mus blue  (see  Indicators),  and  the  substances  therefore  beloi^;  to  the 
class  of  alkalies  or  buat.  Very  many  hydroxides  which  are  of 
the  same  nature,  for  example  ferric  hydroxide  Fe(OH)i  and  tin  hy- 
droxide Sn(OH)t,  are  formed  so  slowly  by  direct  union  of  the  oxide 
and  water  that  they  are  alwaya-prepared  in  other  ways.  The  oxides 
which,  with  water,  form  bases  are  called  bMic  oxldei. 

2.  Some  oxides,  although  they  unite  with  water,  ^ve  addi,  which 
are  products  of  an  entirely  dijferent  character.  Phosphorus  pent- 
oxide  PtOi  and  sulphur  dioxide  SOi  (p.  88)  are  of  this  claae  and  yield 
phosphoiic  add  and  sulphurous  acid,  respectively: 

P,Os  +  3H,0-^2HJ'04. 
80,  +H^  fSH^O,. 

If  the  product  is  not  volatile,  it  may  be  obtuned  by  evaporating  the 
excess  of  water.  In  the  case  of  sulphurous  acid,  the  above  action  is 
reversed  by  evaporation  and  the  sulphur  dioxide  and  water  both  pass 
off;  in  that  of  phoephoric  acid,  the  white  crystalline  acid  is  obtained. 
In  consequence  of  their  relation  to  the  acid,  differing  from  it  in  not 
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containing  the  elements  of  water,  these  oxides  are  often  called  the 
uihrdildH  (Gk.  Ay,  not,  and  £&>>p,  water),  of  their  respective  acids- 
They  are  also  called  addlo  ozldM.  The  acids  are  sour  in  taste  and 
turn  blue  litmus  red. 

These  two  claasea  of  final  products  are  so  different  that  we  make 
the  distinction  the  basis  of  classification  of  the  elements  present  in  the 
original  oxides.  The  elements,  like  sodium  and  iron,  whose  oxides 
give  bases,  are  called  metallic  alementa;  those,  like  phosphorus, 
whose  oxides  give  acids,  are  called  noo-motftllio  «lsm«nu.  The  dis- 
tinguishing words  are  selected  because  the  <Uvi^on  corresponds,  in  a 
general  way  at  least,  with  the  separation  into  two  sets  to  which  merely 
physical  examination  of  the  elementary  substances  would  lead. 

Formerly  the  hydroxides  of  metals  were  termed  "hydrates,"  and 
the  word  b  still  used  familiarly  by  chemists  in  a  few  cases,  such  as 
potassium  "hydrate"  KOH  and  sodium  "hydrate"  NaOH.  These 
substances,  however,  have  nothing  in  common  with  the  compounds 
properly  known  as  hydrates,  whose  nature  is  discussed  in  the  next 
section. 

Hydrates.  —  Many  aubetancea  when  dkaolved  in  water  and  re- 
covered by  spontaneous  evaporation  of  the  solvent  are  found  to  have 
entered  into  combination  with  the  Uquid.  The  products,  which  are 
solids,  are  called  hj^ratai.  That  they  are  r^ular  chemical  com- 
pounds is  shown  by  the  following  two  facts:  (1)  These  compounds 
show  definite  chemical  compodtion  expressible  by  formulae  in  terms 
of  chemical  unit  weights  (atomic  weights)  of  the  constituent  elements. 
The  proportions  in  solutions,  and  other  physical  aggregates,'  except 
by  chance,  cannot  be  expressed  by  means  of  formulEe.  (2)  A  hydrate 
has  physical  properties  entirely  different  from  those  of  the  water  {or 
ice)  and  of  the  other  substance  used  in  preparii^  it.  It  is  a  typical 
compound,  formed  by  the  first  variety  of  chemical  chai^  (p.  12). 
Thus,  cupric  sulphate,  often  called  anhydrous  cupric  sulphate  to 
distinguish  it  from  the  compound  with  water,  is  a  white  substance 
crystallizing  in  shining,  colorless,  needle-like  prisms.  The  penta- 
liydrate  (blue-atone  or  blue  vitriol)  is  blue  in  color,  and  forms  larger 
but  much  less  symmetrical  (asymmetric  or  triclinic)  crystals  (Fig. 
55): 

CuSOi  -h  5H,0  -*  CuS04,5HiO. 

Often  much  heat  is  (pven  out  in  the  formation  of  a  hydrate. 
Thus,  in  the  case  of  washing  soda,  the  decahydrate  of  sodium  car- 
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bonate  NaiCO,,10HiO,  the  beat  of  unioii  (p.  99)  is  +8800  cal. 
This,  however,  does  not  m  itself  show  that  a  chemical  chaise  has 
occurred.  All  cbemicai  chai^^  are  accompanied  by  liberation  or 
absorptioD  of  heat,  but  phyacal  changes,  like 
the  condensation  of  steam  and  the  freezing  of 
water,  and  in  many  cases  the  (Mssolving  of  one 
substance  in  another,  also  involve  the  libera- 
don  of  much  heat. 

The  fthwnica]  propsrtiM  show  hydrates  to 
be  relatively  unstable.  When  heated,  the  hy- 
drates, aa  a  rule,  lose  none  of  the  constituente 
of  the  original  compound,  but  only  those  of 
the  water  in  the  form  of  water  vapor.  When 
melted,  or  when  dissolved  in  water  the  hydrates  are  partly  dissociated 
into  water  and  the  original  substance.  The  aqueous  solutions 
made  from  the  Mihydrous  substances  and  from  the  hydrates  have 
ideatical  phyracal  and  chemical  properties.  Hence  the  cheaper  of 
the  two  forms  is  generally  purchased,  and  many  of  the  chemicals  used 
in  laboratories  are  in  the  form  of  hydrates. 

Since  hydrates,  when  they  decompose,  usually  give  up  water,  we 
write  their  fonnulie,  e.g.,  CuSO^jSHtO,  so  that  the  water  and  the 
original  substance  are  separated  by  a  comma.  A  formula  thus  modi- 
Bed,  so  as  to  show  some  favorite  mode  of  chemical  behavior  of  the 
substance,  is  called  a  reactton  formula.  The  formula  HiaCu30>, 
which  would  show  the  same  proportions  by  weight,  is  never  employed, 
because  its  use  would  di^uise  the  relation  of  the  substance  to  cupric 
sulphate. 

The   DUgociation   of  Bydrateas    Effloreacence,  —  The   less 

stable  hydrates  dissociate  very  readily.  Thus,  the  decabydrate  of 
sodium  sulphate,  NaiSO4,10HiO  (Glauber's  salt),  loses  all  the  water 
it  contains  IflfBormetM)  when  dmply  kept  in  an  open  vessel.  When 
kept  in  a  doaed  bottle,  a  very  little  of  it  loses  water,  and  then  the 
decomposition  ceases.  The  cause  of  this  we  discover  when  a  crystal 
of  the  hydrate  is  placed  above  mercury,  like  the  ice  or  water  in  Fig.  53 
(p.  145).  It  shows  an  aqueous  tension  which  we  can  measure.  At  9° 
the  value  of  this  is  5.5  mm.  As  its  temperature  is  raised,  the  tension 
increases.  When  the  temperature  is  lowered,  on  the  other  hand,  the 
tenfflOD  diminishes,  the  mercury  rises,  and  a  part  of  the  water  enters 
into  otxnbinatioQ  again.  Different  hydrates  show  different  aqueous 
tensons  at  the  same  temperature.     For  example,  at  30°,  that  of  water 
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itself  is  31.5  mm.;  strontium  chloride  SrCli,6HiO,  11.5  mm.;  cupric 
sulphate  CuS04,5H,0,    12.5  mm.;    barium   chloride  BaCU,2HtO, 

In  view  of  these  factd,  we  perceive  that  loss  of  water  by  efflores- 
cence is  like  evaporation,  excepting  that  it  is  a  chemical  decomposition 
and  not  a  physical  process.  Thoae  hydrates  wliich,  liice  Glauber's 
salt  and  washing  soda  NaiCOt,10HtO,  have  a  vapor  tension  approach- 
ing that  of  water  itself,  lose  their  water  at  ordinary  temperatures  at 
a  rapid  pace.  In  this  connection  we  have  to  remember  that  atmoB- 
pheric  air  is  always  less  than  two-thirds  saturated  with  water  vapor, 
and  the  partial  pressure  of  ttiis  vapor  opposes  the  dissodaUon,  and 
tends  to  prevent  the  hberation  of  the  water.  Thus  at  9°,  the  vapor 
tension  of  water  being  8.6  mm.,  the  average  vapor  pressure  of  water 
in  the  atmosphere  will  be  about  5  mm.  Any  hydrate  with  a  greater 
aqueous  tenaon  than  5  mm.,  at  9°,  such  as  Glauber's  salt,  will  there- 
fore decompose  spontaneously  in  an  open  vessel.  But  those  with  a 
lower  vapor  tension,  such  as  the  pentahydrate  of  cupric  sulphate  with 
a  tension  of  2  mm.  at  9°,  will  not  do  so.  Granular  calcium  chloride 
CaClt,2HiO  is  used  for  dryii^  gases,  because  it  has  an  exceedingly 
low  tension  of  water  vapor,  and  combines  with  water  vapor  to  form 
CaCl„6H,0. 

The  behavior  of  hydrates  does  not  indicate,  as  might  seem  at  first 
£dght  to  be  the  case,  that  the  water  is  contained  in  them  in  some  way 
in  the  free  state.  The  fact  is  that  the  above  statements,  with  corre- 
sponding changes  in  the  wording,  might  be  made  of  all  dissociations  in 
chemistry.  Oxides  which  yield  oxygen  when  heated  give  a  different 
pressure  of  oxygen  at  each  temperature,  carbonates  of  carbon  di- 
oxide, and  so  forth. 

The  measurement  of  the  vapor  t«nnon  of  hydratee  gives  definite  tDfcffmatibn 
in  regard  to  wheth»  there  are  other  hydratefl,  say  of  cupric  aulpfaatc,  with  lees 
than  the  normal  number  of  fonnula-weichte  of  water.  If  there  were  only  two 
substances,  CuSOi  and  CuSO(,6HiO,  with  no  compound  of  intennediate  composi- 
tion, then  a  partially  decomposed  specimen  would  be  made  up  partly  of  tbe  cme 
aubstance  and  portly  of  the  other.  But  if  there  were  an  intarmcdiate  compound. 
Bay  CuSOi,3H^,  then  desiccating  a  specimen  of  the  pentahj^irat*  would  pve 
nothing  but  mixtures  of  CuSO,,3HiO  and  CuS0,,5H,0  until  aH  the  latter  was 
decomposed.  Then,  and  only  then,  the  trihydrate  would  begiD  to  lose  watO'. 
Now  the  trihydrate,  being  a  definite  and  different  nibetance,  would  hiive«  vapor 
tension  of  ite  own,  and  experimental  study  would  show  its  presence: 

Experiment  shoira  that  there  really  are  several  hydrated  raipric  aulphatcfl. 
The  pentahydrate,  at  SO*,  has  a  v^kit  tenaiMi  of  47  mm.,  and  this  vapor  («nsiaa  ia 
observed  so  loi^  as  any  pentahydrat«  remains  to  be  decomposed.    As  eooo  aa  the 
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proportion  of  water  goes  down  hi  CiiSOi,3HiO,  the  vapor  tennon  suddenly  dtope 
to  30  mm.  Ab  the  desiccation  continuee,  this  tension  is  maintained  until  the  com- 
poeitioii  has  reached  CuS04,HiO.  At  this  point  the  vapor  pressure  falls  to  that 
of  the  mon(diydrat«,  4.5  mm.,  and  remains  at  this  value  until  all  the  rest  of  the 
wat«r  has  been  removed.  Had  there  been  no  intermediate  compound  with  3HtO 
the  tension  would  have  dropped  at  once  from  47  mm.  to  4.5  mm.  If,  conversely, 
we  try  to  combine  water  as  vapor  with  anhydrous  cupric  sulphate,  at  50°,  a  vaptv 
presure  ol  at  least  4.5  mm.  in  required  to  cause  union  to  take  place.  The  union 
■t(^  when  one  formula- weight  of  wa1«r  has  undergone  combination.  To  intro- 
duce more,  the  concentratioa  of  the  water  vapor  must  be  increased  to  neariy  seven 
times  its  first  value,  namely,  to  30  mm.  premure.  This  enforces  combination  up 
to  CuSO,,3H^.  For  further  hydration,  a  still  higher  pressure  of  wat«  vapor  is 
needed  (47  mm.),  and  the  absorptbn  ceases  when  CuSOt,5HiO  has  been  formed. 
lltere  are  thus  three  distinct  reversible  actions  which  succeed  one  another  as 
the  hydration  proceeds: 

CuSO,  +  H^  i^  CuSO,,H^. 

CuSO,,H^  +  2RJJ  f±  CuS0,,3H,0. 

CuSCSHiO  +  2H,0  pi  CuSO^SHrf?. 

The  first  represents  a  greater  affinity  than  the  second,  and  the  second  than  the 
tUrd. 

Hie  graphic  representation  of  these  facts  (Fig.  66)  will  make  the  behavior  ot 
the  compounds  clearer.  The  pr<^ortion  of  water  combined  with  one  formula- 
weight  of  cupric  sulphate  is  laid  off  along  the  horiiODtal  axis.  The  pFeesures  at 
which  it  enters  or  leaves  the 


compounds  at  50°  are  tlie  or-  . 
£natefl.    As  far  as  IHiO  the 
pressure  is  craistant  (4.5  mm.). 
Beyond  that  point  and  up  to     a 
CHiO  it  is  constant  but  much     b 
hitler.      Between   3Hrf)  and    -S 
oHiO  it  is  constant  s^n  but     | 
h^ber  still.  I 

The  tension  of  free  water     * 
it  the  same  temperature  is  92      % 
mm.    It  is  constant  irrespective     ^ 
of  the  amount  of  water,  and 
would  therrfore  be  on  a  on^e 
continuous  line  parallel  to  the  rwmnU'WtJgkti  of  watw 

horiicsitaJ  axis  and  twice  as  p,o.  sq. 

hi^  above  it  as  the  uppermost 

one  in  the  diagram.  If,  at  50°,  a  vesel  of  water  were  put  under  a  bell  jar  along- 
side of  anhydrous  cupric  sulphate,  its  vapor  would  be  mote  than  sufficiently  con- 
centrated fully  to  hydrate  the  compound.  Again,  while  4.5  mm.  pressure  of 
wat^  vapor  will  cause  wat«r  to  combine  with  tuahydtous  cupric  sulphate  at  50", 
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a  preeeure  of  92  mm.  wil!  be  required  to  liqurfy  the  water  vaipot  at  tbe  sune 
temperature. 

The  above  discueeuon  ahons  that  the  last  fi)rmula-weigh.t  of  wattf ,  in  hydrates 
which  diaeociate  by  stages,  is  Dot  differeat  in  kind  from  the  othere.  It  diSeia  only 
in  the  degree  of  tenacity  with  which  it  is  held.  It  is  therefore  mmeeenary, 
merely  on  this  account,  to  dignify  it  by  the  separate,  and  misleading  name  of 
water  of  constibttion,  as  has  been  done  by  aome  chemiate, 

Wat«  of  hydration  is  frequently  called  water  of  cryttftmiftttftn,  on  account 
of  the  fact  that  when  water  is  driven  (^  by  heating,  the  substance  usually  crumblea 
to  powder  (offloruoM).  The  term  is  decidedly  misleading,  however.  It  suggests 
that  water  and  cryetallization  are  related  in  some  way,  which  is  not  the  case. 
Sulphur,  galena,  potas^um  chlorate,  and  thousands  of  other  ctystalliied  sub- 
stances, do  not  cont^  the  elements  di  water.  Nor  do  the  substanocfl  whidh 
combine  with  water  remain  amorphous  (without  cryatalliue  form)  in  its  absence. 
They  all  crystallize  from  the  molten  condition  or  from  some  non-aqueous  acdvent, 
lUthougb,  as  substances  different  from  the  hydrates,  their  crystalline  form  is 
different.  Iceland  spar,  or  any  other  crystallized  carbonate  which  can  be  de- 
composed by  heatii^i  becomes  opaque  and  porous  or  falls  to  powder  when  the 
carbon  dioxide  is  driven  out.  But  it  has  not  occurred  to  any  one  to  call  this 
carbon  dioxide  of  crystallization!  The  fact  is  that  all  pure  chemical  substances, 
in  solid  form,  when  in  a  stable  physical  condition,  are  crystalline.  Amorphous 
substances,  like  wax  and  glass,  are  always  supercooled  liquids. 

The  term  arose  from  a  misconception,  and,  when  used,  always  succeeds  in 
transmitting  the  misconception  along  with  the  name.  The  ease  with  which  some 
of  the  hydrates  decomposed  suggealed  the  idea  that  they  contained  water  as  a 
discrete  mbOanee.  There  is  no  more  justification  for  this  idea,  however,  than  for 
the  notion  that  carbonates  contain  ready-made  catbon  dioxide.  The  hydrates 
contain  the  elements  of  water  just  as  sugar  and  alcohol  do,  and  there  is  no  evi- 
dence that  they  "contain  water"  in  any  other  sense  than  that  in  which  thephraae 
mi^t  be  used  of  these  oaganic  bodiee. 

In  consequence  of  tbeir  decomposition  into  and  formation  from  substanoes 
capable  of  separate  existence,  the  hydrates  are  classed  with  molecular  compounds 
(9.0.).  The  behavior  of  the  compounds  of  salts  with  ammonia  (like  2AgCl,3NHi), 
with  nitric  oxide,  and  with  each  other  (double  salts),  is  quite  similar. 

Bow  Formulee  and  Equations  are  Obtained.  —  In  the  last 
few  pa^es  several  formulffi  {e.g.,  of  hydrates)  and  several  new  equa- 
tions have  been  given.  How  do  we  know  what  to  set  down  in  mak- 
ing an  equation?  We  cannot  leam  this  by  simply  writing  formuUe 
on  a  piece  of  paper.  In  each  case,  experiments  must  be  made  io 
the  laboratory.  For  example,  how  do  we  know  that  the  conunon 
hydrate  of  cupric  sulphate  has  the  formula  CuS04,5HgO,  and  ndt 
CuS04,HsO?  We  must  make  a  quantitative  experiment.  We  wdgh 
a  porcelain  dish  or  crucible,  first  empty,  and  then  with  a  little  of  the 
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hydrate.  Suppose  the  difference  in  weight  to  be,  2.05  g.  {=  weight 
of  bydrate).  We  then  heat  the  dish  and  contents,  until  the  water  is 
driven  out,  and  weigh  again.  The  difference  is  now  only  1.31  g.  (wt 
of  anhydrous  cupric  sulphate).  The  water,  therefore,  weighed  2.05  — 
1.31  =  0.74  g.  Assuming  that  we  know  the  fonnulEe  (compositions) 
of  cupric  sulphate  and  of  water,  we  obtmn  their  formula-weights: 
CuSO*  =  63.57  +  32.06  +  4X16  =  159.63;  and  HjO  =  2X1.008  + 
16  =  18.016.  The  formula  must  be  CuSO,,a:H,0.  Also, 
159.63  :  X  X  18.016  ::  1.31  :  0.74. 

Solving  for  x  we  have  x  X  18.016  X  1.31  =  159.63  X  0.74,  or  a:  = 
159.63  X  0.74/18.016  X  1.31  =  5.00.  The  formula  is,  therefore, 
CuS04,5HiO,  and  the  equation  for  the  decomposition:  CuS04,5HiO 
-•CuSO«  +  5H,0. 

To  make  an  equation,  we  must  note  what  substances  are  taken, 
and  recognise  by  thar  properties  all  the  substances  produced.  If  all 
the  substances  are  well  known,  and  we  can  find  their  formulee  in  a 
book,  we  can  make  the  equation  at  once.  If  we  cannot  find  the 
formulse,  we  make  measurements  to  determine  the  proportions  by 
wdght,  calculate  the  formulte,  and  then  make  the  equation. 

Composition  t^  Water.  —  The  measurement  of  the  propor- 
tions by  we%ht  and  volume  in  which  hydrogen  and  oxygen  combine 
to  form  water  has  been  the  subject  of  a  larger  nun^ber  of  elaborate 
investigations  than  any  other  single  problem  of  this  kind.  The 
difficulty  in  making  the  former  measurement  arises  from  the  fact  that 
both  constituents  are  gases,  and  are  therefore  difficult  to  weigh. 

Fimn  1842  until  18S8,  the  aceept«d  value  of  this  proportiim  was  that  of  the 
Frendi  chemist,  Dumas.  His  experiments  gave  the  ratio  of  hydrogen  to  oi^geu 
2 :  16.06,  or  2  X  1.0026  :  16.  Cooke  and  Richards  (1888}  obtained  a  figure  For 
the  oxygen  appreciably  smaller  than  this,  namely  2  :  16.00,  or  2  X  1.0063  :  16, 
and  Lord  Rayleigh  (18SS)  2  :  16.928.  W.  A.  Noyes  (1880-1907)  made  many 
determinations  and,  finally,  from  twenty-^our  measurements  obtained  the  ratio 
2  :  lfi.87fi,  or  2  X  1.00787  :  16. 

The  investigation  (lasting  twelve  years)  which  finally  settled  this  question 
was  that  of  Eidward  MorJey.  The  most  Btriking  of  his  experiments  oonsisted 
in  a  series  of  syntheses  of  water,  in  which  he  wei^ted  the  hydn^en  as  well  as 
the  oxygen,  and  afterwards  weighed  the  water  produced  from  them.  The 
hydrogen  ivas  confined  by  absorption  in  palladium  (p.  124),  and  co4dd  thua  be 
contained  in  large  quantity  in  a  small,  elongated  bulb.  During  the  progress  of  the 
experiment  it  was  driven  out  by  a  suitable  beating  arrangement.  The  oxygen 
was  ccmtained  in  large  ^obes  holding  15-20  Ut«a.    The  losses  in  weight  of  the 
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palladium  tube  and  of  the  globes  gave  the  hydn^ea  and  o^i^en  consumed.    The 
maoipulatoT  in  which  the  gases  were  combined  and  the  water  collected  is  repre- 
sented in  Hg.  67.    The  gasee  entered  through  two  small  tubes  marked  A,    Jiut 
above  them,  between  two  platinum  wires,  a  discharge  of  electricity  started  the 
union  and  when  necessary  maintained  it.    The  vessel  was  first  filled  by  admitting 
Oicygen,  and  the  hydrogen  was  burned  at  the  mouth  of  the  tube  from  which  it 
issued.     This  part  of  the  apparatus  was  immersed  in  a  vessel 
of  water  with  transparent  walls  through  which  the  union  could 
be  watched,  and  the  steam  formed  was  condensed  and  collected 
in  the  bottom  of  the  vessel.     The  vacuum  thus  produced  en- 
abled the  oxygen  continually  to  flow  into  the  manipulator  from 
the   globes.     In   this  way   forty-two   titers  of   hydrogen  and 
twcnty'one  Uters  of  ox)^n  could  be  combined  in  about  an 
hour  and  a  half. 

At  the  end  of  the  experiment  this  part  of  the  apparatus 
was  disconnected  and  jriaccd  in  a  freezing  mixture  which  con- 
verted the  water  into  ice  and  practically  condensed  the  whfde 
of  its  vapor.  The  uncombined  gas  in  the  apparatus  was  with- 
drawn and  its  nature  and  qtiantity  determined.  The  increase 
in  weight  of  the  manipulator  gave  the  quantity  of  water  formed. 
The  succem  of  each  experiment  could  he  tested  by  comparing 
the  sum  of  the  weights  of  oxygen  and  hydrogen  with  that  of 
the  water  obtained  from  them.  The  manipulation  was  so 
skilful,  and  the  various  corrections  used  were  so  adequate, 
that  this  difference  was  almost  n^gible.  llie  ratio  of  hy- 
drog^  to  oxygen  in  water  in  this  series  of  experiments  was 
2  ;  16.S79,  a  reeult-which  agreed  with  other  methods  of  de- 
terminii^  the  same  ratio  which  Morley  used.  It  agrees  also 
with  the  average  of  the  numbers  obtained  by  other  observers. 

The  most  probable  value  of  the  ratio  by  weight, 

P,^  gj  taking  his  own  and  other  trustworthy  measnrementa 

into  account,  is  given  by  Morley  as  2  :  15.879,  or 

2.015  :  16.     The  proportion  by  weight  at  present  accepted  is  2  X 

1.008  :  16.     The  proportion  by  volumo  is  2.0027  volumes  of  hydrogen 

to  1  volume  of  oxygen. 

That  the  proportion  by  volume  is  very  close  to  2  :  1  may  easily  be 
shown.  We  may  use  a  U-shaped  tube  closed  at  one  end  by  a  stopcock 
and  graduated  (Elg.  58).  At  first,  the  left  limb  of  the  tube,  called  a 
eudiometer,  ia  filled  with  mercury.  One  of  the  gases  is  admitted  so  as 
to  fill  a  portion  of  the  tube  and,  the  levels  having  been  equalized  {cf. 
p.  105),  the  volume  of  the  gas  is  read.  Then  some  of  the  other  gas  is 
introduced  and  the  leveling  and  reading  repeated.  Let  us  suppoee 
that  15  C.C.  of  hydrogen  and  10  c.c.  of  oxygen  have  thus  been  ttdcea. 


WATER  157 

The  right  limb  is  then  filled  with  mercury  and  closed  finnly  with  the 
thumb.     A  Bpark  from  an  induction  coil  passing  between  the  two 
short  platinum  wires  near  the  top  of  the  tube  explodes  the  mixture. 
The  steam  produced  by  the  union  condenses  almost  immediately 
and  occupies  practically  no  volume  worth  considering.     When  the 
thumb  is  removed,  the  mercury  rises  on  the  left  and  fills  up  the  spaoe 
left  by  the  diaappearance  of  part  of  the  gases.    Unless 
the  proportion  taken  happens  to  have  been  exact, 
some  of  one  or  other  of  the  gases  will  remain.     Its 
volume  is  measured  by  equalizing  the  levels  and  read- 
ing as  before.     In  the  case  we  have 
imagined,  the  residual  gas  is  oxy- 
gen, and  there  are  almost  exactly 
2.5  c,c,  of  it.     It  is  evident,  there- 
fore,   that    15   c.c.    of    hydrogen 
imited  with  7.5  c.c.  of  oxygen;  in 
other  words,  the  proportion  by 
volume  is  2  :  1. 

Gay-Luasac's  Law  of  Com- 
bining Volumea.  —  The  almost 
mathematical  exactness  with 
which  small  integers  express  this 
proportion  is  not  a  mere  coinci- 
'dence.  Wbeneror  sasM  unit*,  or 
I  products  19  fonn«d,  tha 
pr(q>orthnu  b7  voluma  (measured 
at  the  same  temperature  and  pres-  ■ 
sure)  of  all  the  gaseous  bodiM  con- 
r,..*  ""^   "°    *»    rwr»«Mrt    TO        ^^  ^ 

accuratoly  by  ratios  of  small  in- 
ttgnu  This  is  called  Oar-Luuwi'B  law  of  oombtning  Tolumw  (1808). 
Thus,  when  the  above  experiment  is  carried  out  at  100°,  in  order  that 
the  product,  water,  may  be  gaseous  also,  it  is  found  that  the  three 
volumes  of  the  constituents  give  almost  exactly  two  volumes  of  steam. 
For  example,  15  c.c'  of  hydrogen  and  7.5  c.c.  of  oxygen  give  ISc.c. 
of  steam.  Of  course  the  hydrogen,  oxygen,  and  steam  must  be 
measured  at  the  same  pressure,  and  the  temperature  must  remain 
constant  (100°)  during  the  experiment.  Proper  manipulation  secures 
the  former,  and  a  jacket  filled  with  steam  (Fig.  59)  the  latter  condi- 
tion.    Strips  of  paper,  1,  2,  and  3,  are  pasted  on  the  jacket  in  such  a 
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way  that  equal  lengtha  of  the  eudiometer,  in  this  case  a  straight  one, 
are  laid  off.  The  three  dividons  having  been  filled  with  a  mixture  of 
hydrogen  and  oxygen  in  the  proper  proportions,  the  gas,  after  the  ex- 
plosioQ,  shrinks  so  as  to  occupy,  at  the  same  pressure,  only  two  of  them. 
From  this  universal  truth  in  regard  to  the  combination  of  gases, 
we  draw  the  important  inference  that  ttw  chemleid  unit-waichla  of 
simple  lubstuicM,  and  the  formula- weights  of  compounds,  In  tha 
gMftous  c(mdlttoii,  occupy  a.t  Om  uxnt  tamperature  fmd  pnnun  T(d- 
uiuM  whlob  Kre  wiuol  or  st&nd  to  one  anoUwr  In  ths  ratio  of  imaU 
Integers  (see  Molar  weights). 

The  chemical  behavior  of  the  other  compound  of  hydn^en  and  oxygoi, 
hydrogen  peroxide  iq.v.),  le  difficult  to  comprehend  until  further  experience  haa 
been  gained.  Then,  too,  ite  formula  HiOi  caimot  be  justified  until  the  mesne  of 
determining  molar  weighte  in  Eolution  have  been  discue^ed.  In  view  of  these 
facta,  it  will  be  token  up  later. 

Exerciaea.  —  1.  Name  some  other  transitions  from  one  pbyacal 
state  to  another  which  are  famiUar  (p.  144). 

2.  What  evidence  is  there  in  the  common  behavior  of  ether  and 
chloroform  to  show  that  these  liquids  have  high  vapor  tensions? 

3.  If  the  pressure  of  the  steam  in  a  boiler  is  ten  atmospheres,  at 
what  temperature  is  the  water  boiling  (p.  146)?^  v^; 

4.  How  many  grams  of  water  could  be  heated  from  20°  to  100°  by 
the  heat  required  to  melt  1  kgm.  of  ice  at  0°? 

5.  What  do  you  infer  from  the  fact  that  alum'  and  washing  soda 
lose  their  water  of  crystaUization  when  left  in  open  vessels,  while 
gypaum  does  not  (p.  152)? 

6.  Which  facts  show  most  conclusively  that  hydrates  are  true 
chemical  compounds? 

7.  In  what  ways  does  a  hydrate  differ  from,  (o)  a  solution,  (fc)  an 
hydroxide? 

8.  Should  you  expect  to  find  any  difference,  in  respect  to  chemical 
activity,  between  the  three  forms  of  water  (ice,  water,  and  steam)? 
If  so,  arrange  them  in  the  order  of  probable  increarai^  activity  (pp. 
93-94).  Have  we  had  any  experimental  confirmation,  or  the  reverse, 
of  this  conclusion? 

9.  Which  contains  more  internal  energy,  and  is  therefore  more 
active,  the  anhydrous  substance,  or  the  corresponding  hydrate? 

10.  Gypsum  is  a  hydrate  of  calcium  sulphate  CaSOt.  If  6  g.  of 
gypsum,  when  heated,  lose  1.256  g.  of  water,  what  is  the  fonnula  of 
the  hydrate? 
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11.  At  what  temperature  will  ice  melt  in  a  vacuum? 

12.  Indicate  briefly,  the  objections  to  the  form  of  statement 
(commonly  used) :  "  Blue  vitriol  loses  4  molecules  of  water  of  crystal- 
hutioQ  at  leO"  and  the  fifth  at  200°."     Re-write  this  correctly. 

13.  Equal  weights  (say,  249.7  g.)  of  blue-stone  and  of  CuSO*  are 
inclosed  at  50",  occupying  the  whole  vdume.  Rnd  the  composiUon 
of  the  system  at  equilibrium. 
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CHAPTER  IX 

BIUTI0M8  BBTWnN  THI  8TBUCTUBE  ANI>  BEH&TIOB  OT 
BUTTXB.     THE  KDnTIC-HOLECULAK  VHWPOIHT 

We  have  aeen  (p.  65)  that  matter  is  composed  of  minute  particles 
called  molMulM.  Just  as  we  can  thoroughly  understand  the  be- 
havior of  a  watch  or  an  automobile  engine  only  if  we  know  the  details 
of  its  structure,  and  how  the  parts  work,  so  we  can  underetand  the 
phy^cal  and  chemical  behavior  of  niatter  in  masses  only  if  we  axe 
familiar  with  its  ultioiate  mechanism.  Hence,  we  must  now  take  up 
the  structure  of  matter  in  its  three  states,  the  gaseous,  the  liqiud,  ajid 
the  solid.  In  doing  this,  we  shall  keep  constantly  in  view  the  con- 
nection between  the  molecular  relations  and  the  general  behavior  of 
the  matter. 

The  Molecular  Structure  of  Gases.  —  The  most  noticeable 
fact  about  gases  is  that  they  can  be  compreaaed  to  an  enonnous  extent. 
Oxygen  at  760  mm,,  for  example,  can  be  reduced.by  pressure  to  one 
two-hundredth  of  its  volume,  or  even  lese.  The  compression  does 
not  aSect  the  individual  molecules,  and  therefore  does  not  diminish 
the  volume  actually  occupied  by  the  oxygen,  but  crowds  the  mole- 
cules closer  together  and  dlmlniilui  to  one  two-hundredth  ths  qtacs 
between  them.  Compresang  a  gas  is,  in  fact,  mainly  reducing 
the  empty  space  of  which  It  chiefly  consists.  To  understand  what 
follows,  the  reader  must  keep  constantly  and  vividly  before  him  a 
mental  image  of  a  jar  of  gas  as  consisting  of  email  particles  separated 
by  relatively  wide,  empty  spaces.  The  molecules  are  in  rapid  motJon 
and  move  in  straight  lines,  excepting  when  they  strike  one  another 
or  the  wall  of  the  vessel,  and  rebound. 

The  actual  number  of  molecules  in  a  given  volume  of  a  gfia  will 
be  discussed  in  Chapter  XII,  where  the  figures  can  be  given  in  a 
more  memorable  form. 

The  Qualitative  Properties  of  Gases.  —  Let  us  now  note  the 
more  obvious  qualities  of  gases,  printing  in  italics  the  fact  concerning 
a  mass  of  gas,  and  in  black  typs  the  property  of  tlu  moleculM  which 
accounts  for  the  fact. 
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The  most  remarkable  thing  about  a  gas,  conadering  the  looeeneSB 
with  which  its  material  is  packed,  is  the  total  obst^ice  in  it  of  any 
tendeocy  to  aet&ing  or  subsidence.  Since  the  molecules  cannot  be  at 
rest  upon  one  another,  as  the  great  compressibilUy  shows,  we  are  driven 
to  suppose  that  they  are  wtdeljr  laparatsd  from  ona  uioUmt,  and  that 
they  occupy  the  space  by  constantly  moving  about  in  all  directions. 
But  a  moving  aggregate  of  particles  which  does  not  even  finally  sdtU 
must  be  In  perpstual  motion.  We  must,  therefore,  imagine  the  mole- 
cules to  be  wholly  unlike  visible  particles  of  matter  in  having  perfset 
aluUetty,  in  consequence  of  which  they  undergo  no  loss  of  energy  after 
a  collision.  They  must  continually  strike  the  walls  of  the  vessel  and 
one  another  and  rebomid,  yet  without  loss  of  motion.  The  fact  that 
each  gas  is  homogeneous,  efforts  to  sift  out  Ughter  or  heavier  samples 
having  failed,  requires  the  supposition  that  all  ths  molsouloi  of  a  pure 
gas  are  oloMlj  alike. 

The  diffusSrility  of  gases  is  due  to  the  motion  of  ths  moI«oulH, 
and  their  permeabHity  to  the  apac«  available  to  receive  molecules  c^ 
another  gas.  These  two  modes  of  behavior  involve  no  additional 
molecular  properties.  The  word  "diffusion"  is  often  thought  to 
mean  the  property  of  a  given  mass  of  gas  in  virtue  of  which  another 
gas  can  mnc  with  the  given  mass.  This  property  is  not  diffusibility 
but  permeabihty.  It  is  the  motion  of  each  gas,  making  its  way  into 
the  other  gas,  which  is  diffusion.  Diffusion  is  spontaneous  motion  of 
the  parts  of  a  gas  away  from  their  original  location.  Unless  this 
moUon  is  into  an  empty  space,  the  diffusing  molecules  must,  of  course, 
move  into  another  body  of  gas.  In  the  case  of  the  jars  of  carbon 
dioxide  and  air  (p.  125),  each  gas  moved  in  part  out  of  its 
ori^nal  jar  (diffused),  and  each  received  parte  of  the 
other  gas  iitlo  its  jar  (was  permeated). 

Qmtntitative  Properties  qf  Gases:  Boyte's  and 
Charles'  Laws.  —  Passing  now  to  Boyle's  law  (p.  106), 
the  thing  to  be  accounted  for  b  that  when  a  sample  of 
a  gas  diminishes  in  volume,  its  pressure  increases  in  the 
same  proportion.  Let  the  diagram  (Fig.  60)  represent  a 
cylinder  with  a  movable  piston,  upon  which  weighte  may 
be  placed  to  resist  the  pressure.  Now  the  pressure  ex- 
ercised by  the  gas  cannot  be'expl^ned  as  being  like  the  pressure  of 
the  hand  u^n  a  table,  dnee  we  have  just  assumed  that  the  particles 
are  not  even  apprcodmately  at  rest,  and  the  spaces  between  them  are 
wormous  compared  with  the  size  of  the  molecules  themaelvee.    The 
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gaseous  pressure  must  therefore  be  attributed  to  the  colossal  htulstorm 
which  their  innumerable  impacts  upon  the  piston  produce.  If  this  is 
the  case,  the  compressing  of  a  gas  must  consist  simply  in  moving 
the  partition  downwards  so  that  the  particles  as  they  fly  about  are 
gradually  restricted  to  a  smaller  and  smaller  space.  Their  paths 
become  on  an  average  shorter  and  shorter.  Their  impacts  upon  the 
waU  become  more  and  more  frequent.  So  the  pressure  which  this 
occa^ons  becomes  greater  and  greater,  and  is  proportional  to  the 
d^^ee  of  crowding  (the  <H»uj«titratlon)  of  the  molecides. 

There  are  two  other  points  which  must  be  added.  When  we 
dimini^  the  volume  to  one-half,  we  find  from  experieooe  that  the 
pressure  becomes  exactly,  or  almost  exactly,  twice  as  great.  This 
must  mean  that  although  the  particles  are  becoming  crowded  they 
do  not  interfere  with  one  another's  motion,  excepting  of  course  where 
actual  collision  causes  a  rebound.  Only  in  the  absence  of  interference 
would  doubling  the  number  of  particles  per  unit  of  volume  give 
egtactly  double  the  number  of  impacts  on  the  walls.  Hence  the 
partjcles  must  have  practically  no  tendency  to  cohesion.  Agun,  the 
molecules  must  move  in  straight  lines,  because.  If  they  moved  in 
orbits  of  some  kind,  many  of  the  orbits  would  not  be  intersected  by 
the  wall  of  the  vessel  until  great  reduction  in  the  volume  bad  taken 
place,  and  thus,  as  the  volume  diminished,  the  frequency  of  the 
impacts,  uid  therefore  the  pressure,  would  increase  faster  than  the 
concentration. 

Boyle's  law  therefore  adds  four  more  conceptions  to  our  molecular- 
hypothesis,  namely,  that  the  ImpwtB  of  the  moloculM  produce  the 
pressure,  that  the  crowding  of  tha  mcdoculn  represents  the  concer^ra- 
Hon  (p.  103),  and  that  the  particles  mors  In  atamlcht  UnM  and  tbow 
almott  no  ctdutfam,  dnce  pressure  and  concentration  are  very  doady 
proportumal  to  one  another. 

)t  vill  be  Been,  on  consideratioD,  tbat  if  the  molecules  ore  assumed  to  repel 
one  BDother,  they  would  do  bo  more  violently  the  more  closely  they  were  packed 
together.  This  assumption  would  therefore  suit  the  case  of  a  gaseous  body  in 
which  the  preasureB  increSHed  according  to  Bome  power  of  the  ooncentntion  other 
than  the  first,  and  therefore  much  more  rapidly  than  in  known  gases.  In  spito  ot 
itfl  in^plicability,  this  notion  is  supposed  by  muiy  people  to  be  part  of  the 
kinetic  theory. 

Charles'  law  (p.  110),  that  a  gas  receives  equal  increments  in  volume 
or  pressure  for  equal  elevations  in  temperature,  requires  but  one  addi- 
Jitm  to  the  hypoUiesis.    Concretely,  if  our  specim^i  of  gas  (Fig.  60)  ia 
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at  0°,  and  we  permit  its  pressure  to  remmn  constant  by  leaving  the 
same  w«gbt  on  the  piston,  then  when  the  temperature  of  the  gas  is 
raised  to  1°,  the  v<Juroe  will  gain  tis  of  the  original  volume.  If,  on 
the  other  hand,  we  restrict  the  gas  to  the  original  volume,  the  pressure 
will  evidenUy  increase,  and  the  augmentation  will  be  fig  of  the 
ori^nal  pressure.  Now,  how  can  we  account  for  an  increase  in 
preffiure  as  the  result  of  heating  a  mass  of  rapidly  moving  molecules? 
The  action  of  a  particle  colliding  with  a  surface  is  measured  in  physics 
in  terms  of  its  mass  and  its  velocity.  It  ia  evident  that  heating  a  doud 
of  molecules  would  not  increase  the  mass  of  each,  aad  it  must  there- 
fore tnerMte  tbe  valocitr  of  sach,  since  the  kinetic  energy  of  aU 
becomes  greater.  This  conclusion  is  in  harmony  with  our  experience 
that  violently  nibbing  a  aolid  raises  its  temperature,  and  such  a  mode 
of  treatm^it  nugbt  [dauaibly  be  supposed  to  communicate  motion  to 
the  minute  parts  of  the  body. 

Gay-Lussac'a  and  AtMgadro'a  Laws.  —  The  fact  that  the  com- 
bining volumes  of  gaseous  substances  are  equal,  or  stand  to  one  another 
m  the  ratio  of  smaU  whole  numbers  (cf.  p.  157),  suggests  two  ideas: 
firat,  that  chemical  combination,  considered  in  detail,  and  arranged 
to  harmonize  with  this  theory,  would  involve  unloiu  of  a  few 
puUelaa  of  more  than  one  kind  to  form  coxopodte  moloculM.* 
And,  second,  that  a  ^mple  int^ral  relation  must  be  assumed  to  exist 
between  the  numb«n  of  moloculM  In  equal  voluioos  of  dlOorent  ffUM, 
at  the  same  temperature  and  pressure.  Avogadro  (1811),  the  pro- 
fessor of  phy^cs  in  Turin,  put  forward  the  hypothec  that  these 
numbers  ml^  b*  equaL  A  more  strict  study  of  the  assumptions  we 
have  been  makii^,  and  of  some  adiUtional  facts,  has  since  shown  that 
no  other  conjecture  than  Av(^adro's  would  be  consistent  with  them. 
Thus  it  now  bears  the  relation  of  a  It^cal  deduction  from  the  kinetic- 
molecular  theory  and  the  properties  of  gases,  and  is  known  as  kro- 
gadro'i  law.  It  may  also  be  put  in  the  form:  At  tho  mam  tomiwra- 
ttin  and  pmsun,  the  molecular  eoneentnUon  (c/.  p.  104)  of  all  Unda 
cf  (MM  luui  the  same  value. 

DiffuMon.  —  The  law  of  diffusion  (p.  126)  harmonizes  with  the 
kinetic-molecular  theory  without  further  modification  of  the  latter. 
The  strict  deduction  of  this  law,  as  well  as  of  the  preceding  ones,  from 

*  Hub  ifi  eaaeDtially  the  idea  used  by  Dalbm  (p.  65),  before  Gay-LuBUo's 
law  wiB  known,  Itowever,  for  the  eq)lAiiAtitm  of  the  laws  of  ohemical  c<Mnbin»- 
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our  series  of  asaumptionfi,  will  be  found  m  any  work  od  ph^cal 
chemiBtry. 

The  speed  of  the  hydrogen  molecule  at  room  tempemture  is  18t0 
meters  per  second.  The  masBes  of  the  hydrc^en  and  oxygen  mole- 
cules aie  aa  1  :  16,  and  the  speeds  of  diffu^on  (p.  126)  aa  VIS  :  vl, 
or  4  : 1.  Hence  the  speed  of  the  oxygen  molecule  is  one-fourth  (rf 
1840,  or  460  m.  per  sec. 

Calculation  shows  the  activity  of  the  molecules  to  be  so  great 
that,  in  air,  the  number  striking  a  single  square  centimeter  of 
surface  every  second  would  fill  no  less  than  twenty  liters. 

Two  Deviations  from  Boyte'a  Lau>.  —  lilnaJly,  we  have  re- 
ferred (p.  108)  to  the  fact  that  at  low  pressures  iJie  cxmeentration  inereasea 
more,  and  at  kigk  pressures  muck  less  than  Boyle's  law  indicates.  T^e 
former  effect  is  brought  into  accord  with  our  hypothecs  when  we 
remember  that  the  matter  even  of  gases  can  colwra,  as  is  shown 
plainly  when  gases  are  solidified.  The  tendency  of  the  molecules  to 
cohere  must  therefore  show  itself  in  the  gaseous  condition  by  pulling 
the  gas  together  and  producing  somewhat  greater  concentration  than 
is  strictly  conBistent  with  the  value  of  the  pressure.  Thus,  2  liters  of 
oxygen  at  760  mm.  and  0°,  when  subjected  to  2  atmospheres  pressure, 
give  0.9991  liters  instead  of  1  liter.  The  additional  contraction  of 
0.0009  liters  (0.9  c.c.)  is  due  to  the  effect  of  the  cohesion  when  the 
molecules  are  thus  crowded  closer  t<^ther.  The  gases  which  are 
more  easily  liquefied  than  is  oxygen  show  greater  effects.  Thus,  2 
liters  of  sulphur  dio^dde  at  760  mm.  and  0°,  when  subjected  to  2 
atmospheres  pressure,  give  only  0.974  Eters,  showing  a  contraction 
due  to  cohesion  of  26  c.c.  At  temperatures  below  0°  the  contractions 
due  to  cohesion  become  rapidly  greater.  This  cohesion  is  not  of  the 
nature  of  gravitational  attraction.  Although  this  effect  of  cohesion 
is  usually  insignificant,  the  modem  method  of  liquefyii^  gases  {q.v.) 
depends  upon  it  almost  entirely. 

The  abnormally  small  reductions  in  volume  which  occur  when  the 
volume  of  the  gas  has  already  been  greatly  reduced  remind  us  that, 
according  to  our  hypothesis,  it  is  only  tb«  ajwoft  bstwasn  tli»  molseulm 
that  is  dimlnlahed  as  pressure  rises,  and  not  the  space  occuplMl  by  the 
molecules.  Hence,  when  the  molecules  have  become  so  crowded  to- 
gether that  this  irreducible  space  liegins  to  fonn  an  appreciable 
fraction  of  the  whole,  a  doubling  of  the  pressure  will  diminish  to 
one-half  its  value  only  a  put  (the  vacant  part)  of  the  volume  the  gas 
occufues. 
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If  the  ineompreeBible  space  occupied  by  the  moleculeB  is  called  6,  and  that  erf 
tbc  whole  gas  v,  then  the  amraided  form  of  Boyle's  taw  reads  p  (v  —  b) .  —  constant. 
Smilarly,  if  the  cohesive  tendency  is  taken  into  account,  it  is  plain  that  ita  dfect 
will  be  numerically  gieatei  at  small  volumes,  although  not  so  easily  observed.  It 
is  in  fact  inversely  proportional  to  the  square  of  the  Totume.  If  it  is  expressed 
in  the  same  unite  as  the  pressure  by  a,  the  total  of  the  compressing  tendencies 

-  — ,    Henoe  Boyle'a  taw,  for  constant  temperatures,  as  amraided  by 


1  da  Waals,  reads 


{'-Si 


(y  —b)  —  eonstant,  a  formula  which  describes 


the  actual  behavim  of  most  gases  with  remariiable  accuracy.  Hydrogen  alone,  at 
ordinary  temperatures,  shows  no  excessive  compressibility  at  low  pressures. 
Thus,  2  liters  of  hydrogen  at  760  tarn.,  when  subjected  to  1S20  mm.  preiHUie, 
give  1.0006  liters,  or  0.6  c.o.  more  than  Boyle's  law  suggesta.  Tbe  cohenoo  (a) 
is  bcxe  negative,  so  that  the  effect  of  the  constant  (6)  prevails  from  the  wy 

It  win  be  noted  that  the  kinetic  theory  affords  a  mechanical 
cscplaDstion  (i.e.,  description  in  detail)  of  all  the  properties  of  gases, 
with  the  exception  of  the  cohesion.  It  includes  no  machinery  for 
expl^uing  bow  the  attraction  operates. 

In  consequence  of  these  two  deviations,  there  are  not  exaedy  equal 
numbers  of  molecules  in  equal  volumes  of  any  two  different  gases,  at 
the  same  temperature  and  pressure.  An  iinaginary  gas,  which 
exhibits  neither  deviation,  called  a  perfvct  gai,  is  often  referred  to  in 
discussing  the  behavior  of  gases. 

F  Summary.  —  We  may  now  summarise  the  principal  facts  about 
gases  in  mass,  appearing  in  italics  above,  with  the  corresponding 
features  of  the  molecular  relations,  in  heavy  type,  which  we  have 
added  one  by  one. 


Facm  akhit  Oim  ra  Uu*. 

a«»o«»o.oIUM™H,orH«-c™. 

Vacuum  +  molecules  widely  separated. 

Diffuaibility 

Molecules  in  rapid  motion. 

Permeability 

Empty  space  relatively  large. 

Non«ettting 

Molecules  perfectly  elastic. 

Molecules  of  any  one  substance  closely  alike. 

Pressure 

Due  to  impacts  of  molecules. 

Boyle's  law 

Pressure  proportional  to  concentration  of  the 

lines  and,  when  widely  scattered,  show 

almost  no  tendency  to  cohesion. 
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Factb  about  Qahw  m  M*M. 

DaltoD'a  law  (p.  Ill)     .... 

Nothing  new. 

Henry's  Uw 

Nothing  new. 

Charles'  law 

Rise  in  temperature  increases  the  -velocity, 
and  therefore  the  kinetic  energy  irf  the 

molecules. 

Gay-LuBsac'a  law  and  above 

There  are  equal   numbers  of  molecules  in 

and  other  facts. 

equal  volumes  of  different  gases  at  the 

same   temperature   and   pressure   (Avogk- 
dro's  law). 
Nothing  new. 

Law  of  diffusion. 

Abnormal  compresBibility,  es- 

The tendency  to  cohesion  gives  measurable, 

pecially  at  low  presHureB. 

though  slight  effects. 

Abnormal     IncompreBsibility, 
especially  at  high  preBBuraa. 

The  molecules   themselves  are   incomprsB- 

sible. 

Critical  Temperature.  —  When  the  coacentration  of  a  gas  at 
ordinary  temperatures  is  greatly  iDCreased  by  compressioii,  the 
coheave  forces  have  an  opportunity  to  produce  liquefaction.  In 
many  cases,  as  with  sulphur  dioxide  and  carbon  dioxide,  when  the 
approximation  of  the  molecules  has  reached  a  certain  point,  the  liquid 
begins  to  form  on  the  sides  of  the  vessel.  The  condition  is  then 
exactly  the  same  as  that  of  aqueous  vapor  and  water  (p.  145),  and  no 
further  increase  in  pressure  is  required  to  complete  the  liquefaction  of 
the  whole.  The  only  difference  between  steam,  at  a  pressure  below 
the  aqueous  ten«on  of  water  at  10°,  and  carbon  dioxide  at  the  same 
temperature,  is  that  not  more  than  9.1  mm.  of  pressure  is  required  to 
liquefy  the  steam,  while  about  50  atmospheres  are  needed  to  liqudy 
the  carbon  dioxide. 

There  are  some  gases  in  which,  at  the  ordinary  temperature,  even 
with  the  closest  approximation  of  the  molecules,  the  coheraon  is  unable 
to  overcome  the  motion  of  the  molecules  and  draw  the  material 
t<^ther  into  the  more  compact  liquid  form.  Such  gases  are  hydro- 
gen, oxygen,  nitrogen,  and  air,  which  is  a  mixture  of  the  last  two. 
The  remedy  is  obvious.  We  know  of  no  way  to  increase  the  intrin£dc 
cohesiveness  of  the  material,  but  we  can  reduce  the  kinetic  energy  of 
the  molecules  by  lowering  the  temperature  of  the  gas.  When  this  has 
been  done  sufficiently,  compression  is  followed  by  liquefaction.  Now 
it  is  found  that  there  is  a  critical  value  for  each  individual  gas,  to  or 
beyond  which  the  kinetic  energy  must  be  reduced  by  lowering  the 
temperature,  before  the  cohesive  tendency  of  that  particular  gas  can 
become  effective  to  produce  liquefaction.     In  1869  Andrews  found 
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th&t  CEirbon  dioxide  could  be  liquefied  at  0°  by  38  atmos.  pressure, 
and  at  30°  by  71  atmos.,  but  that  above  31.35°  it  could  not  be  liquefied 
by  any  pressure.  He  discovered  that  each  gas  has  a  critical  t«mpor«- 
ton,  as  he  called  it.  For  carbon  dioxide,  this  temperature  can  be 
observed  by  placing  a  heavy  walled,  glass  tube  (Kg.  61), 
half-^ed  with  liquid  carbon  dioxide,  in  a  beaker  of  water, 
and  gradually  raiw^  the  temperature  of  the  latter.  At 
31.35°,  tbe  surface  between  the  liquid  and  gaa  becomes  hazy 
and  vanishes.  The  vapor  pressure  in  the  gas  has  become 
80  great  that  the  gas  has,  at  this  point,  the  same  density  as 
the  liquid.  When  the  temperature  falls  once  more,  the 
surface  reappears  at  31.35°. 

For  oxygen  this  temperature  is  —118°,  for  hydrogen 
—234°,  for  nitrc^n  —146°.  For  carbon  dioxide  it  is  31.35°, 
for  sulphur  dioxide  156°,  for  water  358°,  The  temperature 
of  a  room  being  below  the  critical  points  of  the  last  three 
substances,  they  are  all  liquefiable  without  cooling,  and  more  easily 
tbe  farther  t^e  ordinary  (say  20°),  lies  below  the  critical  tem- 
perature. 

History  of  th«  Kinetic-Molecular  Theory.  —  This  theory 
was  first  sugg^ted  by  Daniel  Bernoulli  (1738),  who  explained  by  its 
means  the  pressure  and  compressibility  of  gases.*  Lomonossov 
(1748)  developed  the  theory  very  completely  and  explained  Boyle's 
law  and  the  effects  of  changes  in  temperature  by  means  of  it.  He 
also  anticipated  from  the  theory  the  existence  of  the  second  deviation 
from  the  law  of  gases  (1749),  a  discovery  usually  credited  to  Dupr6 
(1864).  He  likewise  pointed  out  that  there  was  no  limit  to  the 
TUftTintHm  velocity  of  a  molecule,  and  therefore  no  upper  limit  of 
temperature,  but  that  there  must  be  a  lower  limit  (the  absolute  zero) 
at  which  the  molecules  would  be  at  rest  (1744).  This  work  was 
entirely  forgotten,  until  attention  was  called  to  it  in  1904  by  Men- 
schutkin. 

Sinular  views  were  formulated  in  detail  by  Waterston  (1845),  but 
were  still  so  much  ahead  of  the  time  that  the  committee  of  the  Royal 
Sodety  did  not  approve  the  paper  for  publication,  and  it  was  dis- 
covered in  the  archives  of  tbe  society,  long  afterwards,  by  Lord 
Rayleigh.  The  development  of  tbe  theory,  so  far  as  it  applies  to 
beat  is  therefore  usually  credited  to  Joule  (1855-60)  and,  in  respect 
to  dl  properties  of  gases,  to  Kronig  (1856)  and  Clausiiis  (1857),  who 
knew  nothing  of  the  eariier  work. 
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Molecular  Retationa  in  liquids.  —  The  fact  that  even  great 
pressures  produce  UtUe  diminution  in  the  volume  of  a  liquid  shows 
that  the  fna  apao*,  present  in  gases,  is'  absont  in  UquldB.  The 
measured  effects  of  various  preesures  ^ow,  for  example  in  the  case 
of  water,  that  to  reduce  the  volume  to  one-half  would  require,  not 
doubling  the  pressure  as  in  a  gas,  but  increa^ng  it  from  1  to  10,000 
atmospheres.  The  molecules  of  a  liquid  are  actually  in  contact  with 
one  another,  and  are  themselves  compressible,  thot^h  with  difficulty 
(Richards). 

The  phenomena  connected  with  surface  tension,  such  as  coherence 
into  drops,  show  that  cobMlon  plays  a  larger  part  in  liquids  than  in 
gases. 

We  are  further  compelled  to  suppose  that  there  is  motion  of  tha 
molwulM  inilde  the  liquid.  When  alcohol,  as  the  lighter  liquid,  is 
floated  upon  water  in  a  cylinder  (Fig.  62),  the  plane 
separating  the  liquids  is  at  first  easily  visible.  But 
soon  it  becomes  obhterated.  The  water  diffuses  up-' 
ward,  and  the  alcohol  downward,  each  aifting  its  way 
through  the  other  in  spite  of  gravity.  The  complete 
mixing  of  the  liquids  takes  a  very  much  longer  time 
than  in  the  case  of  two  gases.  It  may  take  months. 
But  even  here  the  hypothecs  helps  us,  by  pointing  to 
the  vast  impediment  which  the  close  packing  of,  and 
therefore  enormous  friction  between  the  molecules  must 
place  in  the  way  of  the  progress  of  any  one  molecule. 
Further,  once  the  mixture  is  formed,  no  tendency  to 
spontaneous  separation  is  ever  observed.  Here  again, 
the  hypothesis  shows  that  none  is  to  be  expected.  If  it 
occuired,  it  would  be  immediately  undone  by  diffusion. 

MalecuUw  Kelationa  qf  Uqwd  and  Vapor. — 

"^  "■'■  When  the  water  was  introduced  above  the  barometric 
column  (Fig.  53,  p.  145),  the  escape  of  vapor,  that  is,  of  part  of  the 
liquid  in  gaseous  form,  could  have  resulted  only  from  the  spontaneous 
motion  of  the  molecules  in  the  liquid.  Some  of  the  molecules,  moving 
near  the  surface,  went  off  into  the  space  above  the  water  and  became 
gaseous.  To  be  consistent,  we  must  also  conclude  that  the  vapor 
above  the  water  is  not  composed  of  the  same  set  of  molecules  one 
minute  as  it  was  during  the  preceding  minute.  Th^  motions  must 
cause  many  of  them  to  plunge  into  the  liquid,  while  others  emerge 
and  take  their  places.     When  the  water  is  first  introduced,  there 
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are  no  molecules  of  vapor  in  the  space  at  all,  ao  that  emissioD 
from  the  water  predominates.  The  pressure  of  the  vapor  iocreases 
as  the  oonoaitTation  of  the  molecules  of  vapor  becomes  greater, 
hence  the  mercury  column  falls  steadily.  At  the  suae  time  the 
number  erf  gaseous  molecules  plunging  into  the  water  per  second 
must  increase  in  proportion  to  the  degree  to  which  they  are  crowded 
in  the  vapor.  The  rate  at  which  molecules  return  to  the  water 
thus  begins  at  aero,  and  increases  steadily;  the  rate  at  which  mole- 
cules leave  the  water,  however,  maintains  a  constant  value,  be- 
cause the  properties  of  the  water  are  not  affected  by  changes  in 
the  concentration  of  the  vapor.  Hence  the  rate  at  which  vapor 
molecules  eater  the  water  must  eventually  equal  that  at  which  other 
molecules  leave  the  hquid.  At  this  point,  occaEdon  for  visible  change 
ceases  and  the  mercury  comes  to  rest.  We  are  bound  to  think, 
however,  of  the  exchange  as  still  going  on,  smce  aathing  has  occurred 
to  stop  it.  The  condition  is  not  one  of  rest,  but  of  ra^nd  and  equal 
exchange.  Such,  described  in  terms  of  the  theory,  is  the  state  of 
affairs  which  Is  characteristic  of  a  condition  of  equiUbrlnm  (p.  146). 
The  ocmdition  is  kinetic,  and  not  static. 

Equilibrium.  —  This  term  is  used  so  often  in  chemistry,  and 
is  used  in  so  unfamiliar  a  sense,  that  the  reader  should  consider 
attentively  what  it  implies.  Three  things  are  characteristic  of  a 
state  of  equilibrium: 

1.  There  are  always  two  oppotlntr  tandmctos  which,  when  equi- 
librium is  reached,  balance  each  other.  In  the  foregoing  instance, 
one  of  these  is  the  hail  of  molecules  leaving  the  liquid,  which  is 
constant  throughout  the  experiment.  It  represents  the  v^wr  taa- 
■lon  of  tlw  Uquld.  The  other  is  the  hail  of  returning  molecules, 
which,  at  first,  -increases  steadily  as  the  concentration  of  the  vapor 
becomes  greater.  This  is  the  t^ot  pnsnire  of  the  vapor.  These 
have  the  effect  of  oppo^ng  pressures  and,  when  the  latter  becomes 
equal  to  the  former,  equii'dirium  is  established.  In  all  cases  of 
equilibrium  we  shall  symbolize  the  two  oppodng  tendencies  by  turn 
arrows,  thus: 

Water  (liq.)  v^  Water  (vapor). 

2.  Although  their  effects  thus  neutralize  each  other  at  vqullib- 
rium,  both  tendandM  ar«  itlll  In  full  oparatloii.  In  the  case  in  point, 
the  opposing  hails  of  molecules  are  still  at  work,  but  neither  can 
effect  any  visible  change  in  the  system.  Equilibrium  is  a  state, 
not  of  rest,  but  of  balanced  activities.     . 
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3  (and  this  is  the  chief  mark  of  equilibrium).  A  illght  etungc  in 
tlM  eonditloiii  produow,  seldom  a  great  or  sharp  chai^,  but  always 
and  instantly,  a  comapoiuUiig  small  chaaga  In  tlw  stats  of  the 
trst«m.  The  change  in  the  conditions  accomplishes  this  by  favorins 
or  OiMttkJoxing  on«  of  Om  two  opposinff  tandanciw.  Thus,  for  ex- 
ample, when  the  temperature  d  a  liquid  is  raiaed,  the  kinetic  energy 
of  its  molecules  is  increased,  the  rate  at  which  they  leave  its  surface 
becomes  greater,  the  vapor  tension  increases  and,  hence,  a  greater 
concentration  of  vapor  can  be  maintained.  The  system,  therefore, 
quickly  reaches  a  new  state  of  equilibrium  in  w\ach  a  higher  v^por 
pressure  exists.  A  heap  of  matter  on  a  table  is  not  in  equilibrium, 
because  addition  of  more  material  produces  no  response  until,  when 
a  very  great  quantity  is  added,  the  table  breaks.  But  a  body  on 
the  scales  is  in  equilibrium,  for  the  additioa  oi  the  smaileet  particle 
produces  a  corresponding  inclination  of  the  beam.. 

In  the  precedii^  illustration,  the  evtqmrating  tendency  was 
favored  by  a  rise  in  temperature.  As  an  example  of  a  chaise  in 
conditions  disfavoring  one  tendency,  take  the  case  where  the  liquid 
is  placed  in  an  open,  shallow  vessel.  Here  the  condenrang  tendency 
is  markedly  discouraged,  for  there  is  practically  no  return  of  the 
emitted  molecules.  Hence  complete  evaporation  takes  place.  Ele- 
vation of  the  temperature  hastens  the  process.  A  draft  insures  the 
practical  prevention  of  all  returns,  and  has  therefore  the  same  effect. 
The  two  methods  of  asdsting  the  displacement  of  an  equilibrium, 
and  particularly  the  second,  in  which  the  opposed  process  is  weak- 
ened and  the  forward  process  triumphs  solely  on  this  account,  should 
be  noted 'carefully.  They  are  applied  with  surprising  effectiveness 
in  the  explanation  of  chemical  phenomena  (see  Chape.  XV  and 
XVIII). 

Molecular  View  Applied  to  Soliiis.  —  The  propertiee  of  solids 
differ  from  those  of  Uquids  chiefly  in  the  fact  that  the  solid  has  a 
definite  form  of  which  it  can  be  deprived  only  with  difficulty.  This 
we  may  explain  in  accordance  with  the  kinetic  theory  by  the  supposi- 
tioa  that  the  cohesion  in  solids  ia  very  mudi  more  prominent  than  in 
liquids.  We  obtain  solids  from  liquids  by  cooling  them;  in  other 
words,  by  diminishing  the  kinetic  enei^  and  therefore  the  vdocity 
of  the  puticles.  The  cohesive  tendency  of  the  latter  is  thus  able  to 
make  itself  felt  to  a  greater  extent.  If,  conversdy,  we  heat  a  solid,  or, 
according  to  the -hypothesis,  if  we  increase  the  speed  with  which  the 
particles  move,  the  body  ffrst  melts  and  gives  a  liquid,  and  this  finally 
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boil3  and  beeomes  a  gas.  The  intrinsic  cohesion  of  the  particular  sub- 
stance can  undergo  no  change,  but  the  increasing  kinetic  energy  of  the 
particles  steadily  and  continuously  obliteratea  its  effects.  Yet  gome 
motion  aiiU  survivea  in  a  solid.  Thus  we  find  that  when  the  layer  of 
ffliver  is  stripped  from  a  very  old  piece  of  electroplate  the  presence  of 
this  metal  in  the  Gennaa  silver  or  copper  basis  of  the  article  is  easily 
demonstrated. 

Roberts  Austen  has  found  that  if  bare  of  lead  are  prepared,  in  one  end  of  vhich 
■n  alloy  containing  a  oertainpn^xirtion  of  gold  Lab  been  used,  while  the  reminder 
of  the  tMT  is  eompoeed  of  pure  lead,  the  gcdd  has  a  tendent^  to  wander  slowly  into 
the  pure  lead.  The  process  is  greatly  aided  by  keeping  the  bare  at  a  fairly  high 
temperature,  but  one  much  below  the  melting-p<nnt  is  amply  sufficient.  After  a 
suitable  interval  of  time  the  bar  may  be  sawn  into  fragments  of  equal  length,  and 
ila  parts  attalysed.  The  quantity  of  gold  in  a  section  is  found  to  increase  as  we 
approach  the  pottion  of  U»  bar  to  which  originaUy  the  whole  of  the  gold  was 
eoofined. 

The  tendency  of  all  solids  to  assume  crj'stalline  forms,  which 
show  definite  detwage  and  other  evidences  of  structure,  distinguishes 
them  sharply  from  Uquids  (see  Crystal  structure).  The  force  of 
coheson  in  liquids  is  exercised  equally  in  different  directions.  In 
solids  it  must  differ  in  different  directions  in  order  that  structure  may 
result.  Since  each  substance  shows  an  individual  structure  of  its 
own,  these  directive  forces  must  have  special  values  in  magnitude  and 
direction  in  each  substance. 

Crystoiluatton.  —  A  crystal  arises  by  growth.  When  the  process 
is  watched,  as  it  occurs  in  a  melted  solid  or  an  evaporatit^  solution, 
the  slow  and  systematic  addition  of  the  material  in  lines  and  layers, 
as  if  according  to  a  regular  design,  is  one  of  the  most  beautiful  and 
interesting  of  natural  phenomena.  The  fem-Uke  patterns  produced 
by  ice  on  a  window-pane  show  the  general  appearance  characteristic 
of  crystallusation  in  a  thin  layer.  A  larger  mass  in  a  deep  vessel  gives 
forms  which  are  geometrically  more  perfect.  From  its  very  incipiency 
the  crystal  has  the  same  form  as  when,  later,  its  outhnes  can  be  dis- 
tinguished by  the  eye.  Hence  the  outward  form  is  only  an  expression 
of  a  specific  internal  structure  which  the  continual  reproduction  of 
the  same  outward  form  on  a  lai^er  and  larger  scale  leaves  as  a  me- 
m(»ial  of  itself  in  the  interior. 

Oyatal  Forma.  —  CrystaUine  form  is  so  continually  used  in 
identtfying  (p.  40)  the  substances  produced  In  chemical  actions  that 
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B.  list  of  the  kinds  of  forms  which  occur  will  assist  in  (pving  definite 
meaning  to  our  descriptioufi. 

The  clasufication  of  cryBtalliue  forms  is  carried  out  according  to 
the  degree  of  symmetry  of  the  crystals.  Thirty-two  distinct  dassea 
are  distinguished,  but  for  our  purpose  a  rougher  division  into  six 
groups  will  suffice.     These  groups  are  known  by  the  following  names: 

1.  Regular  system.  5.  Monosymmetric,  or  monoclinic 

2.  Square  prismatic  system.  system. 

3.  Hexagonal  system.  6.  Asymmetric,  or  triclinic  system. 

4.  Rhombic  E^tem. 

The  recuUr  lyBtsm  presents  the  most  Bymmetrical  figures  of  all. 
Some  forms  which  commonly  occur  are  the  octahedron  (Fig.  63) 
shown  by  alum,  the  cube  (F^g.  64)  affected  by  common  salt,  and 
the  dodecahedron  (Fig.  66)  frequently  assumed  by  the  garnet. 


The  square  prUmatio  STrtmn  includes  less  symmetrical  forms  than 
the  previous  one,  dnce  the  crystals  are  lengthened  in  one  direction. 
Fig.  66  shows  the  condition  in  which  zircon  ZrSiO^,  which  furnishes 
us  with  the  basis  of  certain  incandescent  illuminating  arrangements, 
occurs  in  nature.  The  form  of  ordinary  hydrated  nickel  sulphate 
NiS04,6HtO  is  similar  to  this. 


A 


\F 


The  hazaffonal  sjitMn,  like  the  preceding,  frequently  exhibite 
elongated  prismatic  forms,  but  the  section  of  the  crystals  is  a  hexagtHi 
instead  of  a  square,  and  the  termination  is  a  ^-sided  t^rramid. 
Quartz  (Fig.  67),  or  rock  crystal,  is  the  most  familiar  mineral  in  this 
system.    Calcite  (CaCOa),  which  is  chemically  identical  with  chalk, 
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or  marble,  takes  forms  known  as  the  scalenobedron  (Fig.  68)  and 
rhombohedron  (Fig.  69),  which  are  classified  in  a  subdivision  of  this 
system.  Indeed,  recently  it  has  become  common  to  erect  thin  into 
a  separate  system  (the  trigonal),  in  which  both  quartz  and  calcit«  are 
included. 

The  rbomblo  lyitam  includes  the  natural  forms  of  the  topaz,  and 
of  sulphur  (Fig.  8,  p.  14),  as  well  as  thoee  of  potassium  permanganate 
(Fig.  70),  potasraum  nitrate  (Fig.  71),  and  many  other  substances. 
These  crystals  exhibit  a  good  deal  of  symmetry^  but  their  section  is 
always  rhombic,  and  hence  the  name. 


<y=^ 


The  monoBjmmetrle  lystam  exhibits  forms  which  have  but  one 
plane  of  symmetry.  Gypsum  (Fig.  72),  which  is  hydrated  calcium 
sulphate  (CaS0t,2H]0),  and  felspar  (Fig.  3,  p.  5)  are  minerals 
possesedng  forms  of  this  kind.  Tartaric  acid,  rock  candy  (Fig.  73), 
potassium  chlorate,  and  hydrated  sodium  carbonate  (washing  soda) 
bekntg  to  this  system. 


r^ 


The  Mymnwtrie  arBtam  includes  forms  which  have  no  plane  of 
symmetry  whatever.  Blue  vitriol  (Fig.  55,  p.  151),  Cu80t,5HaO,  is 
one  of  the  most  familiar  substances  of  this  kmd. 

The  forms  of  crystals  which  we  may  actually  make  seldom  corre- 
spond exactly  with  the  figures.  If  we  allow  a  crystal  to  grow  upon 
the  bottom  of  a  vessel,  for  example,  it  will  usually  have  a  tendency  to 
spread  itself  out  parallel  to  the  surface  of  the  glass,  and  when  taken 
up  for  examination,  will  be  found  to  present  a  somewhat  distorted 
form.    By  changing,  at  frequent  intervals,  the  face  on  which  the 
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crystal  stands,  however,  uniform  growth  in  all  directions  is  secured. 
Hai^jing  a  small  crystal  by  a  thread  insures  almost  ideal  development. 
Yet  the  form  even  of  distorted  crysteils  can  readily  be  rec<%niised  by 
suitable  means.  The  shape  of  the  faces  may  indeed  be  extrandy 
misleEu^ng.  We  find,  however,  that  the  angles  at  which  the  faces 
meet  are  always  the  same,  whatever  disproportionate  growth  may 
have  occurred  in  the  development  of  the  crystal. 

Since,  in  general,  each  substance  has  a  form  of  its  own,  no  oiiier 
substance,  s£  a  rule,  can  be  used  even  partially  in  building  up  the 
crystal  (see,  however,  Isomorphism).  This  fact  is  taken  advantage 
of  in  order  to  separate  chemical  substances  from  impurities.  The 
impure  body  is  first  dissolved  in  some  solvent.  The  preponderating 
substance  in  the  mixture,  un^iss  it  is  very  much  more  soluble  than 
the  impurity,  will  then  usually  give  pure  crystals  while  the  foragn 
body  remains  in  solution. 

The  shapes  of  gems  must  not  be  confused  with  crystalline  forms.- 
The  original  crystals  are  cut  and  polished  to  a  new  form  spedaily 
adapted  to  increase  the  ornamental  value  of  the  stone  by  caunng  it  to 
reflect  more  light  {see  Diamond).  Again,  glass  is  really  a  very  viscous 
fluid  (amorphous  body,  p.  154),  and  haa  no  structure  or  form  of  its 
own.  The  word  "crystal"  appbed  to  cut  glass  would  therefore  be 
misleading  if  taken  literally. 

Crystal  Structure.  —  As  the  above  would  lead  us  to  expect,  the  stndftrf 
crystallized  substances  shows  that  their  peculiarities  are  not  confined  to  the  out- 
side layer.  The  outline  represents  a  certain  structure  which  permeates  the  whtde 
EOBsa.  In  crystals  of  the  regular  system,  many  of  the  ordinary  physical  properties 
are  the  same  as  those  of  an  amorphous  substance,  like  glass.  For  example,  if  we 
turn  a  sphere  out  of  crystalliied  salt  and  hang  it  in  pure  water,  we  find  that  solu- 
tion takes  place  at  a  luiifonn  rate  all  over  the  surface.  This  ia  not  the  case,  how- 
ever, with  substances  from  any  of  the  other  systems.  Spheres  cut  from  substances 
belonging  to  the  second  and  third  systems  would  dissolve  more,  or  leas,  rapidly  in 
the  direction  of  the  chief  axis  than  in  any  other  direction,  and  bo  ellipBoids  at 
revolution  would  quickly  be  produced.  In  the  other  three  systems,  more  oomples 
forms  would  result. 

The  tenacity  of  crystals,  to  whatever  system  they  may  belong,  is  different  in 
different  directions.  Thus,  a  crystal  of  salt  has  a  cleavage  parallel  to  any  of  the 
faces  of  the  cube,  and,  therefore,  splits  most  easily  in  wie  of  three  directions  at 
right  angles  to  each  other.  Calcite,  whatever  the  outward  form  of  the  crystal, 
always  cleaves  so  as  to  give  a  rhombohedron.  Fluorite  CaF,,  although  almost 
always  cubical  in  fonn,  splits  when  broken  so  as  to  give  an  octahedron. 

The  behavior  of  crystals  towards  light  is  also  extremely  interesting.  The  rate 
Vt  which  Ught  moves  through  crystals  of  the  regular  system  is  the  same  in  all 
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dnections.  In  other  raystab,  however,  we  find  that  it  moves  with  a  different 
Bpeed  in  different  directionB,  the  variatione  in  speed  bdng  likewise  rdaUd  to  the 
outward  fona.  Finally,  if  a  thin  slab  of  rock  salt  ia  covered  with  wax  and  the 
point  of  a  bested  cooe  of  metal  is  placed  in  the  center,  the  wax  melts  uniformly 
in  a  circle  around  the  point,  indicating  that  the  heat  is  conducted  with  equal  speed 
in  all  directions.  The  way  in  which  the  slab  has  been  cut  with  reference  to  the 
surface  of  tbe  crystal,  in  the  case  of  substances  of  the  first  of  the  above  systems, 
has  no  effect  npon  this  result.  In  all  other  cases,  howeva,  the  sone  of  melting 
wax  is  in  general  elliptical,  or  even  nuwe  complex  in  form,  according  to  the  system 
to  whidi  the  substance  belongs  and  the  diiectkni  in  vhidi  the  slab  has  been  cut 
'(see  Chap.  XXII). 

Practical  VtUue  o^  the  Molecutar  Viewpoint.  —  Tbe  value 
of  the  kmetio-molecular  viewpoint  has  been  illustrated  above,  and 
will  appear  again  when  we  deal  with  solutions  and  chemical  equi- 
librium. But  indeed  its  field  of  apphcation  is  coextensive  with  the 
science  itself. 

The  conceptions  of  the  kineUc  theory  are  of  especiaUy  great  assist- 
ance in  rationalizing  chemical  manipulation  and  so  hastening  the 
acquisition  of  an  intelligent  control  of  it.  The  constructive  imagina- 
tion, on  the  use  of  which  experimental  worli  depends  so  much  for  its 
success,  must  have  something  to  work  with,  and  this  view  fumiBhes 
s  tool  such  as  it  requires.  Methods  taught  by  rule  of  thumb  are 
slowly  learned  and  constantly  fail  in  application.  We  may  be  toW 
s  dosen  times  that  uong  reagents  in  finely  powdered,  br  metals  in 
granulated  condition  hastens  all  interactions,  and  still  never  think  of 
this  abstraction  when  working.  But  if  it  is  suggested  that,  in  terms 
of  tbe  kinetic  theory,  molecules  must  meet  freely  in  the  same  medium 
Ito  react  easify,  and  that,  therefore,  the  larger  the  surface  the  more 
co{HOUS  will  be  the  supply  ai  molecules  dissolving,  we  are  likely  to 
form  a  conception  of  tbe  reason  for  the  procedure  that  will  be 

Wlien  a  student  is  told  to  concentrate  a  solution  and  set  it  asde 
to  crystallize,  why  does  he  evaporate  the  liquid  raindly  to  dryness, 
and  still  expect  the  reddue  to  appear  in  lai^,  well-formed  crystals? 
Because  he  has  no  notion  of  tbe  necessary  slowness  of  the  process  of 
crystallization.  But  if  he  has  the  idea  that  it  is  hke  building  a  house, 
one  stone  at  a  time,  and  that  there  are  far  more  units  to  be  laid  down 
according  to  plan  in  making  tbe  smallest  viable  crystal  than  there  are 
bricks  in  buildmg  tbe  largest  factory,  his  procedure  may  promptly 
becMDe  OKoe  rational. 
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Stoehoatic  Hypotheaea,  —  As  we  have  seen  (p.  11),  one  kind 
of  explanation  coneists  in  imagining  some  fact  or  connection  of  facts, 
or  some  machinery  which,  if  it  existed,  would  account  for  the  phe- 
nomena to  be  explained.  This  we  call  an  hypothesis.  Hypotheses 
are  of  two  kinds,  stochastic  and  formulative. 

The  first  of  these  is  constantly  used  at  every  step  in  investigation, 
although  it  is  seldom  mentioned  in  books.  When  Mitscherllch 
discovered  that  Glauber's  salt  (p.  151)  gave  a  definite  pressure  of 
water  vapor,  he  at  once  formed  the  hypothesis,  that  is,  supposition, 
that  other  hydrates  would  be  found  to  do  likewise.  Experiments 
showed  this  supposition  to  be  correct.  The  hypothesis  was  at  once 
displaced  by  the  fact.  This  sort  of  hypothecs  predicts  the  probable 
existence  of  certain  facta  or  connections  of  facts,  hence,  reviving  a 
disused  word,  we  call  it  a  stocbastic  IiypoUxMia  (Gk.  <m>x<urrMgt,  apt 
to  divine  the  truth  by  conjecture).  It  professes  to  be  composed 
entirely  of  verifiable  facts  and  is  subjected  to  verification  as  quickly 


Formuiative  Hypotheses.  —  The  formulative  hypothec  is 
mainly  a  structure  existing  in  the  ima^nation.  It  may  not  be 
capable  of  existing  anywhere  else,  because  it  may  include  items  which 
are  more  or  less  in  conflict  with  ordinary  experience.  But  then,  we 
use  a  formulative  hypothecs  for  the  purpose  of  having  before  our 
minds  Bome*sort  of  machinery  that  will  help  us  to  understand  some 
aspect  of  the  behavior  of  matter  or  energy,  and  we  make  few,  if  any, 
attempts  to  verify  the  hypothesis  itself.  Thus,  the  conception  of 
light  as  consisting  of  corpuscles  was  such  an  hypothesis  in  its  day. 
The  imponderable-matter  (note  the  contradiction)  view  of  heat  was 
another.  The  undulatory  theory  of  light,  which  postulates  a  per- 
fectly elastic  ether,  wdghtless,  frictionless,  and  lacking  every  trace  of 
impenetrability,  is  an  hypothesis  showing  the  same  inverifiable 
elements.  It  is  bandied  characteristically  also,  for  we  do  not  try  by 
its  means  to  learn  more  about  ether,  but  more  about  light. 

Such  an  hypothesis  is  like  a  scaffolding,  constructed  to  enable  us 
to  e9[amiae  or  work  upon  a  difiicultly  acces^ble  part  of  a  building, 
which  we  never  for  a  moment  think  of  as  being  a  part  of  the  building. 
It  is  a  sort  of  formula.  The  algebr^c  formula  represents  magni- 
tudes; the  geometrical, -directions  and  dimensions.  The  formula  in 
physics,  by  the  use  of  mathematical  conventions,  pictures,  for 
rumple,  some  mode  of  behavior  of  matter.  For  so  concrete  a  subject, 
however,  the  mathematical  mode  of  expression  is  intensely  abstract. 
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And  so  a  representation  in  terms  of  mechaiusm,  which  is  still  a 
formula,  is  frequently  resorted  to.  The  hypothesis  of  the  ether  ia 
therefore  a  formula  consisting  of  iim^nary  machinery.  Its  object 
is  simply  to  help  us  in  oi^nizing  or  formulating  knowledge  on  a 
certain  subject.     Hence  we  name  it  a  tomiulatlTB  hypotbosis. 

The  kinetic  molecular  view  was  at  first  an  hypothec  of  this  kind. 
It  is  only  recently  that  we  have  been  able  to  count  the  molecules  of 
helium  given  off  by  radium  (q.v.)  and  to  see  and  to  photograph  the 
path  of  each  molecule.  These,  and  other  observations,  have  now 
shown  that  molecules  really  exist,  arid  behave  as  the  hypothesis 
assumed  they  did.  But  the  conception  of  molecules  was  no  less 
useful  before  it  had  been  verified  than  it  was  afterwards.  Dalton, 
who  first  worked  out  a  clear  conception  of  the  independent  behavior 
of  mixed  gases  (p.  Ill),  used  this  as  an  hypothesis  constantly  in  that 
work.  Clear  understanding  of  the  separate  existence  of  aqueous 
vapor  in  the  ^r  could  be  reached  by  him  only  by  thinking  of  each 
material  as  being  made  up  of  independent  molecules.  Any  other 
mode  of  conceiving  the  mixture  that  might  readily  occur  to  one  would 
involve  some  adhesion  or  interference  of  the  two  substances.  His 
recognition  of  the  independent  solubilities  of  mixed  gases,  in  propor- 
tion to  the  partial  pressures  of  each,  would,  have  been  delayed  or 
prevented  altogether  if,  in  studying  the  results  of  his  experiments,  he 
had  not  reached  it  by  way  of  this  hypothesis. 

Exercuea.  —  1.  What  are  the  relative  rates  of  diffusion  of  am- 
monia gas  (density  17)  and  of  sulphur  dioxide  (density  64)? 

2.  What  are  the  speeds  in  meters  per  second  of  the  molecules  of 
ammonia  and  of  sulphur  dioxide  at  room  temperature? 

3.  Give  two  ways  "of  obtaining  crystals  of  a  substance. 
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We  have  frequently  made  use  of  the  fact  that  certain  substancefl 
form  with  others  homogenepus  systems  which  we  call  solutions. 
Sometimes  this  property  is  taken  advanta^  of  for  separating  ma- 
terials, as  in  the  case  of  the  removal  of  sulphur  from  admixture  with 
iron  or  ferrous  sulphide  (p.  15).  In  other  cases  we  carry  out  the 
interaction  of  chemici^  substances,  by  first  dissolving  each  in  some 
liquid  and  then  mixing  the  solutions.  The  liquid,  commonly  water,  is 
used  as  a  vehicle  for  one  or  more  of  the  substances,  and  often  takes  no 
part  in  the  chemical  change.  Thus  some  knowledge  of  the  properties 
of  solutions  is  absolutely  necessary  in  order  that  we  may  employ  them 
intelligently.  In  what  follows,  we  shall  ff.ve  a  preliminary  account  of 
some  of  the  sampler  facts  about  solution. 

General  Propertiea  of  Solutions.  —  A  aolid  may  be  ^strib- 
uted  through  a  liquid  either  by  being  simply  msponded  (p.  142)  in  the 
latter  (mlztura)  or  by  being  dissolved  in  it  (solution) .  Similarly,  a 
liquid  may  be  suspended  in  droplets  in  another,  like  the  fat  in  milk 
(•mulilon),  or  it  may  be  dissolved.  It  is  usually  easy  to  distit^^uish 
between  the  two  cases,  for  a  suspended  substance  seilles  or  separates 
sooner  or  later  (like  the  fats  in  milk  —  as  cream)  while  a  dissolved  one 
shows  no  such  tendency.  The  cases  are  exceptional  where  the  sub- 
division of  a  suspended  substance  is  so  minute  (colloidal  rospwuioii, 
q.v.)  as  tc  make  Its  retention  by  filter  paper  impoesible.  If  a  liquid  is 
opalescent  or  opaque,  then  we  have  a  case  of  suspension.  A  solution 
is  a  clear,  transparent,  perfectly  homogeneous  liquid,  in  which  the 
dissolved  substance  seems  to  have  been  dispersed  so  completely  that 
the  liquid  cannot  be  distinguished  by  the  eye  from  a  pure  substance. 

There  is  no  limit  to  the  amount  of  dissipation  which  may  thus  be 
produced.  A  single  fragment  of  potassium  permanganate,  for  ex- 
ample, which  gives  a  very  deep  purple  solution  in  water,  may  be  dis- 
solved in  a  liter  or  even  in  twenty  liters  of  water,  and  the  purple 
tinge  which  it  i^ves  to  the  liquid  will  still  be  perfectly  perceptible  in 
every  part  of  the  larger  volume.  Tb«  qnaHtativg  charactaristias, 
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therefore,  of  solutloD  are  abssnc*  of  s«ttUiw,  homogwwl^,  and  t 
r  mlinite  mbdMaiom  of  Uie  dioBolvod  substaiiM. 


The  Scope  of  the  Word.  —  The  word  is  used  for  other  Bystemg 
than  those  containing  a  solid  body  dissolved  in  a  liquid.  Thua,  liquids 
also  may  be  dissolved  in  liquids,  as  alcohol  in  water.  Again,  if  we 
warm  ordinary  water,  bubbles  of  gas  appear  on  the  sides  of  the  vessel 
before  the  water  has  approached  the  boiling-point.  They  are  found 
to  be  gas  derived  from  the  air.  Agitation  of  any  gas  with  water 
results  in  the  solution  of  a  lai^  or  small  quantity  of  the  gas,  and 
heating  will  usually  drive  the  gas  out  again.  It  appears  therefore 
that  lotidt,  liquids,  and  caaaa  can  equally  form  lolutionB  In  liquids. 

The  absorption  of  hydrogen  by  palladium  (at  all  events  after  a 
certain  point)  and  by  iron  takes  place  in  accordance  with  the  same 
laws  as  the  solution  of  sohds  in  liquids,  and  the  results  may  be  de- 
scribed therefore  as  true  solutions.  Liquids  are  in  some  cases 
absorbed  by  solids,  and  homogeneous  mixtures  of  solids  with  solids 
are  perfectly  familiar.  The  sapphire  is  a  solution  of  a  small  amount 
of  a  strongly  colored  substance,  in  a  lai^  amount  of  colorless  alumin- 
ium oxide.  It  may  therefore  be  stated  that  lolutlon  <d  sum,  liquids, 
and  Bolida  In  solids  appears  to  be  posabte. 

Zimits  of  Sotubittty.  —  The  Dext  question  which  naturally 
occurs  to  us  is  as  to  whether  the  mingling  of  two  substances -in  this 
maruier  has  any  limits.  We  find  that  the  results  of  experiment  in  this 
direction  may  be  divided  into  two  classes.  Some  pairs,  of  liquids 
particularly,  may  be  mixed  in  any  proportions  whatever.  Alcohol 
and  water,  and  glycerine  and  water  are  such  pairs.  On  the  other 
hand,  at  the  ordinary  laboratory  temperature,  we  can  scarcely  take 
a  fragment  of  marble  CaCO)  so  small  that  it  will  dissolve  completely 
m  100  c.c.  of  pure  water,  for  only  0.00013  g.  dissolves.  Tinder  the 
same  conditions  any  amount  of  potassium  chlorate  up  to  about  5  g. 
will  completely  disappear  after  vigorous  stirring,  while  90  g.  of 
ordinary  Epsom  salts  (hydrated  magnesium  sulphate),  but  not  more, 
may  be  dissolved  in  about  the  same  amount  of  water.  In  fact,  most 
solids  may  be  dissolved  in  a  liquid  only  up  to  a  certain  limit,  which 
with  different  solids  may  range  from  a  scarcely  perceptible  up  to  a 
very  lai^e  amount.  No  substance  is  absolutely  insoluble.  But  for 
the  sake  of  brevity  we  call  marble,  for  example,  insoluble,  because  in 
most  connections  it  may  be  so  considered. 

Chemists  have  not  yet  succeeded  in  explaining  these  differences 
in  solubility,  which  are  often  so  surprising.     Thus,  guncotton  (cellu- 
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lose  nitrate)  is  soluble  in  a  mixture  of  alcohol  and  ether,  but  not  in 
these  liquids  separately.  On  the  other  hand,  celluloae  acetate,  an 
allied  substance,  used  in  making  bristles  for  brushes  and  artificial 
horsehair,  is  soluble  in  these  liquids  separately,  but  not  in  the  mix- 
ture! Again,  diver  fluoride  is  extremely  soluble  in  water,  while  the 
allied  chloride,  bromide,  and  iodide  of  silver 
are  very  insoluble  (see  Table,  in£dde  front 
cover).  Conversely,  calcium  fluoride  is  very 
insoluble,  but  the  chloride,  bromide,  and  iot^de 
are  quite  soluble. 

Recognition  and  Meitsurement  of  Sol- 
ubility. —  The  only  method  of  noogt^^ng 
I  with  certainty  whether  a  solid  is  soluble  in  a 
liquid  or  not  is  to  filter  the  mixture  and  evap- 
orate a  few  drops  of  the  filtrate  on  a  clean 
watch^.a^.  For  learning  how  much  of  the 
body  is  contained  in  a  given  solution,  a  weighed 
quantity  of  the  solution  is  evaporated  to  dry- 
ness and  the  weight  of  the  residue  determined. 
When  the  dissolved  substance  is  volatile,  its 
presence  is  often  shown  by  some  chemical  test 
(p.  89). 

Ether  and  water  is  a  case  ty^ncal  of  the 
'"^  "■  behavior  of  two  liquids,  each  somewhat  soluble 

in  the  other.  After  beii^  shaken  tc^ther,  they  seem  to  separate 
agam  completely  into  two  layers  (Fig.  74),  with  the  ether  uppermost. 
If,  however,  the  water  is  withdrawn  from  beneath  the  ether,  we  find 
that,  when  heated,  it  gives  off  quantities  of  ether  vapor  which  can 
be  set  on  fire.  Conversely,  the  addition  of  anhydrous  cupric  sulphate 
to  a  sample  of  the  ether  shows  the  presence  of  water  in  the  latter,  for 
the  blue  hydrated  form  of  the  sul>stance  is  at  once  produced.  In 
some  common  cases  the  maximum  solubilities  at  room  temperature 
are  as  follows: 


SUHTAKCL 

Vot  m 

WO  Vou.  Ao. 

Voi.AQ.ra 

Qiuioi 
™  100  o.  Aq. 

^"JS^ 

Alcohol 

Ether     

Chloroform 

Carbon  disulphide  .    .    . 

No  limit 
8.U 
0.42 
0.J7 

No  limit 
2.93 
0.15 
0.96 

No  limit 
5,97 
0.66 

0.22 

No  limit 
3.08 

-  0.10 
0.74 
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It  must  be  statod  explicitly  th&t  in  going  into  sohiHon,  as  we  bftve 
used  the  tenn,  a  oampoimd  dissolves  as  a  whole  and,  if  tlie  compound 
is  pure  (p.  6),  any  residue  baa  the  same  chemical  composition  as  the 
part  which  has  dissolved.  If  th6  undissolved  residue  is  a  different 
substance,  a  chemical  interaction  with  the  solvent  has  occurred.  If, 
on  evaporation,  a  different  substance  remains,  there  has  also  been 
chemical  action. 

Terminology.^ —  In  order  to  describe  the  relations  of  the  com- 
ponents of  a  solution,  cert^n  conceptions  and  corresponding  technical 
expres^ons  are  required. 

It  is  customary  to  speak  of  the  substance  which,  like  water  in 
most  cases,  forms  the  bulk  of  the  solution,  as  the  Bolvoit.  To  express 
the  substance  which  is'dissolved,  the  word  wduto  is  frequently  used, 
and  will  be  employed  when  we  wish  to  avoid  circumlocution. 

The  term  "strength"  is  too  indefinite  for  scientific  purposes.  It 
may  imply  activity,  or  power  of  resistance,  or  pungency  (in  an  odor), 
or,  as  in  the  case  of  solutions,  it  may  be  a  measure  of  quantity.  The 
amount  of  the  substance  which  has  been  dissolved  by  a  given  quantity 
of  the  solvent  is  therefore  described  as  the  concentration  of  the  scdu- 
tion.  A  solution  containing  a  small  proportion  of  the  dissolved  body 
is  called  dilute;  it  has  a  small  concentration.  One  which  contains  a 
laif;er  amount  is  more  coiu»ntrat«d.  Very  "strong"  solutions  are 
frequently  spoken  of  simply  as  coiic«ntrat«d  lolutioiu.  The  partial 
removal  of  the  solvent  by  evaporation  is  called  coac«ntratiiic,  its  total 
removal  mwDonting  to  dirncH. 

finally,  since  there  is  a  limit  to  the  solubility  of  most  substances, 
a  solution  is  described  as  saturated  when  the  solute  has  ^ven  as  much 
material  to  the  solvent  as  it  can.  This  state  is  reached  after  pro- 
kmged  agitation  with  an  excess  of  the  gas,  of  the  liquid,  or  of  the  finely 
■powdered  solid,  as  the  case  may  be  (see  pp.  192,  194).  The  larger  the 
excess,  the  sooner  saturation  is  att^uned,  but  the  concentration  is  no 
greater.  The  maximum  concentration  attainable  in  this  way  is 
called  the  solubility  of  the  substance  in  a  given  solvent.  Note  that 
a  saturated  solution  need  not  also  be  a  concentrated  one.  It  will  be 
very  dilute,  if  the  solute  is  but  slightly  soluble. 

The  distinction  between  solute  and  solvent  is  made  merely  for 
convenience.  Theoretically,  there  is  no  distinction  between  the 
cwnponents  of  a  solution. 

Units  Used  in  Expressing  Concentrations.  —  The  concen- 
trations of  solutions,  saturated  and  otherwise,  are  sometimes  ex- 
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pressed  in  physical,  and  sometiin^  in  chemical,  units  of  wnght 
When  physical  untte  are  employed,  as  in  the  above  t&Ue,  we  ^ve 
the  number  of  grams  of  the  solute  held  in  solution  by  one  hundred 
grams  (in  the  case  of  water  100  g.  =  100  c.c.)  of  the  advent. 

The  lolnliUltisa  at  18°  trf  14S  buMs  and  ulU  are  ^ven  in  a  UbU, 
placed  Insids  tb«  front  cover  of  this  book. 

When  chemical  units  of  weight  are  employed,  two  different  plans 
are  possible,  and  both  are  in  use.  Either  the  equivalent  (p.  63)  or  the 
molecular  weights  may  be  taken  as  a  basis  of  measurement.  In  the 
former  case,  the  solutions  are  called  nonnal  solutions,  and  in  the  latter, 
for  a  reason  which  will  appear  later  (Chap.  XII),  molar  solutions. 

A  normal  solutton  contains  one  gram-equivaleiit  of  the  solute  in  one 
liter  of  solution  {not  in  1  t.  of  solvent).  The  word  "equivalent" 
has  been  used  hitherto  only  of  elements,  and  this  application  of  the 
expres^on  involves  an  extension  of  its  meaning.  An  equlvBlect 
weight  of  a  compound  is  that  amount  <d  it  which  will  interact  with 
one  equlvaleiit  of  an  element.  Thus,  a  formula-wdght  of  hydro- 
chloric acid  HCl  (36.5  g.)  is  also  an  equivalent  weight,  for  it  contains 
1  g.  of  hydrogen,  and  this  amount  of  hydrogen  is  displaceable  by  one 
equivalent  weight  of  a  metal.  A  formula-weight  of  sulphuric  acid 
HjSOi  (98  g.),  however,  contains  two  equivalents  of  the  compound, 
and  a  formula-wdght  of  alumimum  chloride  AlCU  (133  5  g.)  three 
equivalents.  Hence  normal  solutions  of  these  three  substances 
contain  respectively  36.5  g.  of  HCl,  i  of  98  g.,  or  49  g.  of  HjSO*,  and 
i  of  133.5  g.,  or  44.5  g.  of  AIClj  per  liter  of  solution.  The  special 
property  of  normal  solutions  is,  obviously,  that  equal  volumes  of  two 
of  them  contain  the  exact  proportions  of  the  solutes  which  are  re- 
quired for  complete  interaction.  Solutions  of  this  kind  are  much 
used  in  quantitative  analysis. 

Solutions  of  different  concentrations  all  prepared  on  the  above 
basis  are  named  as  follows,  and  are  often  indicated  by  the  abbrevia- , 
tions  appended: 


One  hundredth  of  one  gram-  I 

"  equivalent      j 

One  teath  irf  one  gruD-equiv-  ) 

alent i 

Odc  hair  of  ooe  gram-equiva- ) 

lent i 

One  gr&m-equivaleat  .... 
Tno  and  a  half  gram-equivalents 


CeDti-aonnal 

Decj-nonnal 

Semi-Dormal 

Normal 

Two  and  a  hair  normal 
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A  molar  soluUon  conteltu  oii«  ido1«  (gram-mol«eul«r  wvlcllt,  eee 
p.  183)  (rf  th«  ulut*  In  one  Uter  (d  aolutloa  {not  in  1  1,  of  solvent).  When 
molecular  formute  (see  Chap.  XII)  are  used,  {hfe  means  one  gram-(ormul&  weight 
per  liter.  In  the  cases  cit«d  above,  the  molar  solution  contains  36.5  g.  HCl, 
98  g.  H^Ot,  and  133.5  g.  AlCU  per  Uter.  As  will  be  seen,  the  concentration 
of  intriar  and  normal  stdutionB  are  necessarily  identical  when  the  radicals  are 
lUUTalrait.  Other  concentrations  are  described  as  ded-molar  (M/10  or  .1  M), 
two  and  a  half  molar  (2.5  Af ),  and  so  f<Mlh,  on  the  same  plan  aa  before. 

Th»«  is  also  a  chemical  unit  <rf  volume  (see  Chap.  XII)  which  is  the  volume 
occupied  by  a  mole  (gram-nudecular  wdght)  of  a  gas  (or  diaBcrfved  substance)  at 
0**  and  700  mm.  pretsure  (gaseous  or  osmotic).  This  volume  aTeragee  22.4  liters, 
and  is  called  the  gram-molecular  or  molar  vtduma  (G.M.V.) .  The  unit  of  conoen- 
tratioD  for  many  theoretical  purpoaee  is,  therefore,  that  of  one  mole  in  22.4  liters. 

Solution  One  ef  the  Physical  States  qf  Aggregation  af 
Matter. —  When  a  aolid  body  dissolves  La  a  liquid,  the  properties 
of  the  body  undergo  a  very  marked  change,  which  to  all  appearance 
might  be  chemical.  Yet,  besides  the  ease  with  which  the  liquid  may 
be  removed  by  evaporation  and  the  solid  recovered  unchanged,  we 
note  particularly  that  the  concentration  of  a  saturated  solution  cannot 
be  eocpreseed  in  t«rms  of  int^ral  multiples  of  the  atomic  weights.  If, 
therefore,  the  process  were  to  be  regarded  as  chemical,  several  impor- 
tant generalizations  would  have  to  be  revised  or  discarded  (cf.  p.  61). 
We  shall  see  also,  in  a  later  paragraph,  that  the  quantity  of  a  solid 
which  a  liquid  may  take  up  varies  with  the  sUghtest  change  in  tem- 
perature. Now  we  do  not  find  the  composition  of  chemical  com- 
pounds so  to  vary.  The  solution  of  a  solid  may  therefore  be  likened 
to  a  chang ;  in  state,  similar  to  the  conver^on  of  a  liquid  into  a  gas  or 
a  solid  {cj.  p.  49). 

As  there  is  danger  of  confusion  arimng,  we  may  repeat  that  a  com- 
pound is  bomi^eneous  and  its  comporition  is  expressible  in  integral 
multiples  of  the  chemical  units  of  weight  (atomic  weights);  a  satu- 
rated solution  is  homogeneous  but  its  concentration  varies  gradually 
with  temperature  ao  that  integral  multiples  of  the  chemical  units 
canoot  be  used  to  describe  ite  compo^tion;  a  mixture  of  two  solids  or 
an  ranulfflon  of  two  liquids,  ia  neither  homc^^eous  nor  in  any  way 
definite  in  composition. 

Kinetic-Molectdar  Vievc  of  the  State  qf  Solution.  —  Ac- 
cepting solution  as  a  physical  state  of  at^regation,  we  may  now  apply 
the  same  molecular  conceptions  to  the  explanation  of  the  behavior  of  a 
Bul»tance  in  solution  as  to  matter  in  the  gaseous  or  liquid  states.     We 


184  INORGANIC  CHEMISTRY 

saw  that  &  solid  body,  which  is  ordinarily  condensed  in  a  small  space, 
can  be  disseminated  by  the  use  of  a  solvent  through  a  very  lat^e  one. 
The  molecules  of  the  solid  become  scattered,  like  those  of  a  gas  or 
vapor,  through  a  much  greater  volume.  We  may  regard  the  dis- 
solved substance  as  being,  practically,  in  a  gaseous  or  ^uofft-gaseous 
condition.  The  molecules  are  torn  apart  from  one  another,  their 
cohesion  is  overcome,  and  their  freedom  of  motion  is  in  a  measure 
restored.  It  is  true  that  they  could  not  continue  to  occupy  this  lar^e 
volume  for  a  moment  in  the  absence  of  the  solvent.  But  we  may 
bring  this  into  relation  "with  the  case  of  a  vapor  by  saying  that  a  solid 
body,  like  common  salt,  can  only  evaporate  (i.e.,  dissolve)  appreciably 
at  the  ordinary  temperature,  and  occupy  a  large  space,  when  that 
space  is  already  filled  with  a  suitable  liquid.  The  latter  acts  as  a 
vehicle  for  the  particles  of  the  aoUd.  A  volatile  liquid,  on  the  con- 
trary, can  dissolve  in  an  empty  space  and  fill  it  with  its  particles 
without  any  vehicle  being  required. 


This  conception  of  the  c^ua^t-ga^eous  condition  of  a  dissolved  sub- 
stance would  be  amply  fantastic  if  it  did  not  lead  us  to  a  better  under- 
standing of  the  behavior  of  solutions.  It  does  successfully  explain 
many  facts  about  solutions,  such  ss  diffusion,  and  saturation  (see 
next  section). 

It  is  easy  to  show  that,  if  we  place  a  quantity  of  the  pure  solvent 
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(fig.  75)  above  a  concentrated  solution  of  a  suoatance,  and  tbea  set 
the  arrangement  aside,  the  dissolved  body  slowly  makee  its  wf^ 
through  the  liquid  (Fig.  76),  obliterating  the  original  plane  of  separa- 
tion. Eventually  the  dissolved  body  scatters  itself  uniformly  through 
the  whole.  In  other  words,  the  pajrticles  of  the  dissolved  substance 
exhibit  the  property  of  'Wfti-tnw  in  the  same  way  as  do  those  of 

When  the  diffusion  of  a  gas  is  re^sted  by  a  suitable  partition,  we 
find  pressure  is  exercisod  upon  the  walls  of  the  vessel  and  upon  the 
partiti(Hi.  It  is  possible  to  show  that  the  particles  of  a  dissolved  svb- 
etance  induce  a  pressure  of  a  very  similar  kind.  This  pressure  is 
spoken  of  as  dlfluslon  preaiurs,  and  is  proportional  to  the'  concen- 
tration of  the  solution.  In  other  words,  it  depends  upon  the  degree 
oi  crowding  of  the  molecules  of  the  dissolved  substance. 

Kinetic-MotMatlar  Vibw  of  the  Process  of  Solution,  —  We 

may  now  apply  the  same  ideas  to  the  process  of  dissolving,  with  a 
view  more  especially  to  explaining  why  the  process  of  dissolving 
ceases,  in  spite  of  the  presence  of  access  of  the 
Bolute,  when  a  certain  concentration  has  been 
reached.  If  some  of  the  material  dissolves,  why 
not  more? 

Let  ua  suppose  that  it  is  the  dissolving  of 
common  salt  in  water  (Fig.  77)  which  we  wish  to 
explain  in  detail.  We  believe  that  in  the  solid 
Bubetance  the  molecules  are  closely  packed  to- 
gether, while  in  the  solution  they  are  rather 
sparsely  distributed.  If  there  were  no  water  over 
the  salt,  practically  none  of  the  particles  of  the 
latter  would  be  able  to  leave  the  solid  and  enter 
the  space  above.  Thus,  the  process  of  solution 
must  consist  in  the  loosemi^  of  the  molecules 
on  the  surface  and  their  passage  into  the  liquid. 
By  diffuaon,  the  free  molecules  will  gradually 
move  away  from  the  neighborhood  of  the  surface 
of  the  soUd  and  make  room  for  others,  and  thus, 
if  the  system  remains  undisturbed,  the  liquid  will  eventually  become 
a  solution  of  uniform  concentration.  If  a  large  enough  amount  of 
the  solid  has  been  provided,  the  ultimate  condition  will  be  that  of  a 
saturated  solution  with  excess  of  the  solid  beneath.  If  we  had  proper 
means  of  measuring  it,  the  tendency  of  the  molecules  te  leave  the 
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solid  in  the  presence  of  a  given  liquid  would  give  the  effect  of  a.  kind 
of  pressure.     This  is  spoken  of  as  aolutlon  prtuure. 

Now  the  molecules,  after  having  entered  the  liquid,  move  in 
every  direction,  and  consequently  some  of  them  will  return  to  tite 
solid  and  attach  themselves  to  it.  The  frequency  with  which  this 
will  occur  will  be  greater  as  the  crowdii^  of  particles  in  the  Uquid 
increases,  so  that  a  stage  will  eventually  be  reached  at  which  the 
number  of  molecules  leaving  the  solid  will  be  no  greater  than  that 
landing  upon  it  in  a  given  time.  If  the  whole  of  the  liquid  has  mean- 
while become  equally  charged  with  dissolved  molecules,  there  will  be 
no  chuice  that  l^e  field  of  liquid  immediately  round  the  solid  will  lose 
them  by  diffudon,  so  that  a  condition  of  balance  or  equilibrium  (p. 
169)  will  have  been  estabUshed:  NaCl  (solid)  ^  NaCl  (dslvd).  The 
presence  of  the  particles  in  the  liquid  produces  what  we  have  called 
diffusion  pressure;  and  when  the  diffusion  pressure,  by  the  continual 
increase  in  the  number  of  dissolved  molecules,  becomes  equal  to  Ou 
aduHon  pre^vure,  increase  in  concentration  of  the  solution  ceases.  It 
is  at  this  point  that  we  speak  of  the  solution  as  being  saturated  with 
respect  to  the  particular  substance  dissolving.  The  analt^  to  vapor 
tension  and  vapor  pressure  (p.  168)  is  evident. 

The  foregoing  explanation  should  be  compared  carefully  with  that 
given  in  the  section  on  the  molecular  relations  in  liquids,  and  in  that 
on  equilibrium  (pp.  168-170). 

Solution  Preaaure  and  Solution  Suction.  —  It  should  be 
noted  that  the  term  solution  pressure  really  presents  a  one-dded  view 
of  the  dtuation.  When  we  place  sulphur  in  carbon  disulphide,  it 
dissolves  freely,  and  we  should  ther^ore  say  that  sulphur  has  a  high 
Btdution  pressure.  But  when  we  put  sulphur  in  water,  hardly  any 
dissolves,  and  we  should  then  say  that  sulphur  bad  almost  no  solution 
pressure.  Clearly  the  tendency  to  dissolve  is  a  mutual  ■property  of  the 
sob}ent  and  solute  together,  and  the  term  solution  pressure  is  misleading 
because,  when  taken  literally,  it  ascribes  the  result  entirely  to  the 
solute.  The  ability  of  the  solvent  to  take  up  the  solute,  which  we 
might  name  the  solution  motion  of  the  solvent,  is  at  least  equally 
important.  It  is  not  simply  a  question  of  how  strongly  the  sulphur 
can  throw  off  molecules,  but  also  of  how  liberally  the  solvent  is  able 
to  mix  with  these  molecules.  Water  is  not  able  to  take  up  or  to  hold 
much  sulphur,  but  carbon  disulphide  will  extract  or  cohere  with  a 
large  proportion  of  the  very  same  sulphur.  It  is  largely  a  question  of 
some  sort  of  physical  affinity  of  the  solvent  for  the  solute.    The  term 
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solution  pressure  is,  of  course,  understood  by  physical  chemists  to 
include  this  affinity  or  miscibility,  but  the  words  are  far  from  convey- 
ing the  idea  to  the  student,  and  indeed  seem  explicitly  to  exclude  it. 
Unfortunately,  we  have  not  yet  been  able  to  discover  or  invent  any 
explanation  of  why  some  pcurs  of  substances  are  so  freely  miscible, 
while  other  p^rs  are  practically  immiscible. 

Independent  Solubility.  —  Just  as  two  gaaes,  when  mixed,  are 
indepraident  trf  one  another  (p.  Ill),  and  have  severally  the  same 
pFBsaure,  solubility,  and  so  forth,  as  they  would  possess  if  each  alone 
occufHod  the  same  space,  so  it  is  with  dissolved  subetancee.  In  gen- 
eral, a  volume  of  water,  in  which  a  small  amount  of  some  substance 
has  been  dissolved,  will  take  up  as  much  of  a  second  substance  as 
would  an  equal  volume  of  pure  water.  Thus,  water  coataimng  some 
sugar  will  <Ussolve  as  much  sodium  chloride  a&  the  same  amount  of 
pure  water.  In  the  kinetic-molecular  point  of  view,  the  dissolved 
molecules  of  sugar  have  no  connection  with,  or  inSuenee  upon,  the 
mechanism  which  determines  the  solubility  of  the  salt,  namely,  the 
exchange  of  salt  molecules  between  the  suspended,  dissolving  crystals 
and  the  solution. 

NaturaUy  this  principle  of  independent  solubility  does  not  hold 
with  any  degree  of  exactness  when  the  concentration  of  the  substance 
already  present  is  great.  If  much  sugar  is  present,  then  the  solubility 
of  salt  in  the  mixture  will  depend  on  the  miscibility  of  salt  with  sugar, 
as  well  as  on  H»  miscibility  with  water,  and  the  total  solubility  may 
he  very  different  from  that  in  water.  It  fails  also  when  the  two 
solutes  interact  chemically,  as  will  usually  be  the  case,  for  example, 
when  each  is  an  acid,  base,  or  salt  (see  Chap,  XIX).  The  solubility  is 
affected  in  an  especial  degree  when  the  two  substances  have  one 
radical  in  common,  as  when  they  are  nitric  acid  and  a  nitrate,  or  two 
chlwides  (see  I<huc  equilibrium). 

Conditioru  Affecting  the  SolubiUty  qf  a  Ga«.  — The  same 
ecmceptjons  may  be  used  to  explain  any  case  of  solution.  Lgt  us  take 
that  ^  oi^gen  conducted  into  a  bottle  which  is  partially  filled  with 
water  (Fig.  78),  no  other  gas  being  present  in  the  space  above  the 
liquid.  As  the  molecules  of  the  gas  impinge  upon  the  liquid,  some 
of  them  pass  into  it  and  dissolve.  The  particles  which  have  thus 
gEuned  access  to  the  liquid  move  about  in  every  direction  and,  as  they 
become  more  and  more  numerous,  a  larger  and  larger  number  will 
escape  from  the  surface  and  pass  back  into  the  gaseous  condition. 
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At  first,  this  reaction  will  be  slight,  but  eventually,  aa  the  solution 
increases  in  concentration,  it  must  become  equal  in  rate  to  the  process 
^^  of  solution  itself.     It  is  assumed  that  the  supply  of  gas  is 

a  maintained  at  a  uniform  pressure,  and  therefore  imifonn 
molecular  concentration,  during  the  whole  process.  Once 
more  we  shall  have  a  state  of  balance  or  equilibrium,  and 
the  liquid  will  be  aaiwcUed,  this  time  with  a  gas:  Oxygen 
(gas)  F±  Oxygen  (dslvd).  It  is  found,  as  the  hypotheas 
would  lead  us  to  expect,  that  tlu  ooncantavtlon  at  ths 
saturatod  KdutloQ  of  anr  glron  gaM  Is  proportional  to  thft 
prsirar*  at  wblob  the  caa  ia  luppliad,  that  is,  to  tha  molooular 
concentration  at  tha  gas  (Hsniy'a  law). 

The  solubiUtJes  of  di^ereni  gases,  even  when  their  pressures  are 
equal,  varies  much.  This  is  due,  of  course,  to  their  differing  phyracal 
affinities  for  (miscibilities  with)  the  liquid.  One  volume  of  water  will 
dissolve  1300  volumes  of  ammonia  at  0°  and  760  mm.,  while  it  will 
dissolve  only  about  0.02  volumes  of  hydrogen  under  the  same  condi- 
tions. In  one  volume  of  alcohol,  at  0°  and  760  nun.,  17.9  volumes  of 
hydrogen  sulphide  or  0.07  volumes  of  hydrogen  may  be  dissolved. 
Henry's  law  desciibes  the  behavior  of  any  one  gas  with  exactness  only 
when  low  gaseous  pressures,  or  gases  whose  solubility  is  smt^,  are  in 
question.  Great  solubility  must  be  due  in  part,  probably,  to  chemi- 
cal union  between  a  ptart,  at  least,  of  the  gas  and  the  solvent,  or  to 
cobe«ve  influences  which  the  molecules  of  the  dissolved  gas  exert 
upon  each  other.  The  law,  and  the  kinetic-molecular  explantv- 
tion  of  the  law,  on  the  other  hand,  consider  only  an  ideal  behavior 
involving  complete  chemical  and  physical  independence  of  the 
molecules. 

When  »  mixture  of  two  EsMt  is  in  contact  with  the  solvent,  the 
molecular  viewpoint  enables  ue  successfully  to  foretell  what  will 
happen.  The  quantity  of  each  gas  which  can  remain  dissolved  must 
depend  amply  upon  the  frequency  with  which  its  oum  molecules  strike 
the  liquid,  and  must  be  independent  of  the  presence  of  the  other  gas. 
Hence  the  solubility  of  each  gas  is  the  same  as  if  it  were  present  alone 
at  its  own  partial  pressure  (Dalton's  law,  p.  111).  In  other  words, 
each  gas  has  the  same  pressure,  and  therefore  the  same  solubility, 
as  it  would  posse33>if  it  alone  occupied  the  whole  space  above  the 
liquid. 

Air  dissolving  in  water  is  an  illustration  of  this  principle.  It  does 
not  dissolve  as  a  whole,  but  the  oxygen  and  nitrogen  dissolve  each  in 
proportion  to  its  intrinsic  solubility  and  partial  pressure. 
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It  is  eany,  by  the  use  of  this  law,  to  form  an  &pproxmi&te  estimate  of  the  pro- 
portitNi  of  oxygen  to  nitrogen  in  the  dissolved  gases.  The  air  may  be  taken  to  be 
at  7G0  mm.,  and  its  composition  by  volume  roughly  1/5  oxygen  and  4/6  nitn^ien. 
The  aepante  aotubititiea  of  the  gases  at  760  mm.  arc,  respectively,  4  and  2  vol- 
umes in  100  volumes  of  water.  Their  partial  pressure  being  1/5  and  4/5  of  an 
atmosphere,  the  amounts  actually  dissolved  will  be  4  X  1/5  "  0.8  and  2  X  4/5  - 
1.6  in  100  volumes  of  water.  The  ratio  otfree  oxygen  to  nitrogen  in  the  water 
will  therefore  be  1  : 2.  llius,  if  we  expel  the  dissolved  gases  by  bculing  the 
wato",  we  find  that  they  nmtain  33  per  cent  oxygen  by  volume  while  air  oontBins 
only  31  per  coit. 

This  equilibrium,  Gas  (gaseous)  ^  Gas  (dalvd),  can  be  reached, 
naturally,  from  the  other  direction,  namely  by  starting  with  a  solu- 
tion of  the  gas  and  a  space  above  the  solution  containing,  at  first, 
none  of  the  gas.  The  gas  leaves  the  solution  until  the  rates  of 
emission  and  return  become  equal.  Hence,  a  gas  may  be  entirely 
removed  from  solution  by  bubbling  a  for^gn  gas  through  the  liquid. 
The  bubbles  furnish  the  space  to  receive  the  emitted  gas,  and  have 
a  lai^  surface,  so  that  the  process  goes  on  rapidly.  The  bubbles 
also  escape,  and  carry  with  them  the  emitted  gas,  so  that,  in  this 
caae,  there  is  no  re-solution.  This  is  a  case  of  nullifying  one  of  the 
two  opp<»ed  tendencies  (p.  170). 

Ttco  Immiscible  Solvents:  Late  ef  Partition,  —  An  inter- 
esting application  of  the  same  ideas  may  be  made  to  a  case  which 
occurs  very  commonly  in  chemical  work.  If  we  shake  up  a  small 
particle  of  iodine  with  water,  we  find  that  it  dissolves  slowly,  giving 
eventually  a  saturated  but  very  dilute  solution.  If  now  ether  in 
sufficient  quantity  be  shaken  with  the  aqueous  solution,  the  greater 
part  of  the  iodine  will  find  its  way  into  the  ether,  and  be  contained 
in  the  brown  layer  which  rises  to  the  top.  The  process  of  removing 
a  substance  pajtially  from  solution  in  one  solvent  and  securing  it  in 
another  is  called  axta-kctlon.  We  find  in  such  cases  that  neither 
solvent  can  entirely  deprive  the  other  of  the  whole  of  the  dissolved 
substance,  if  the  latter  is  soluble  in  both  independently :  I  (in  Aq)  ^  I 
(in  ether).  The  partition  of  the  substance  takes  place  in  proportion 
to  its  solubility  in  each  solvent.  It  is  found  that  any  amount  of  ttao 
Miliit«i  up  to  the  mftgimiim  the  ^stem  can  contain,  provided  this 
does  not  involve  too  high  a  concentration  in  either  solvent,  is  divided 
M  tbat  tha  ratio  of  tba  concentrations  In  the  two  soUentB  is  alwaji 
tba  mne  (Law  of  puUtlon).  In  the  case  of  iodine  divided  betweoi 
water  and  ether,  this  ratio  is  about  1 :  200. 
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The  aqueous  solution  of  potaMiuoi  iodide  has  a  very  great  power  of  dis- 
Bolving  iodine,  and  we  find  that  in  the  presence  of  this  salt  the  ether  leaves  a  much 
larger  share  of  the  element  in  the  lower  layer.  A  paxt  of  the  iodine  comtHnee  to 
fonn  KIi,  however,  so  that  this  is  not  a  case  (A  simple  solution,  and  the  law  of 
partition  does  not  hold.  The  chemical  equilibrium  (see  Chap.  XV)  between  free 
and  combined  iodine  in  the  aqueous  layer  has  to  be  oonBidered. 

This  principle  is  used  in  Parke's  process  {q.v.)  for  extractiog 
alver  from  molten  lead,  by  means  of  melted  einc  as  the  second 
solvent.  It  is  employed  in  separating  interesting  compounds  from 
animal  secretions  and  vegetable  extracts,  and  in  purifying  such 
(XHnpounds.  Nicotine  from  tobacco  and  cocaine  iraai  coca-leavee, 
are  secured  in  this  way. . 

Infiuence  of  Temperature  on  Solubility.  —  The  quantity  of 
a  substance  which  we  can  dissolve  in  a  fixed  amount  of  a  fpven  solvent 
depends  very  lai^ely  upon  the  temperature  of  both.  Usually  the 
solubility  increases  with  rise  in  temperature.  Measurements  may  be 
made  by  the  method  described  before  (p.  180),  umng  excess  of  the 
finely  powdered  solute  with  different  portions  of  the  same  solvent  id 
vessels  kept  at  different  temperatures.  The  most  useful  way  of  repre- 
senting the  results  is  to  plot  them  graphically.  The  diagram  (Fig.  79) 
shows  the  curves  for  a  few  familiar  substances.  The  ordinates  repre- 
aeat  the  number  of  grams  c»f  the  anhydrous  compound  which  is  held 
in  solution  by  100  g.  of  water  in  each  case.  The  abscisste  represent 
the  temperatures.  The  concentration  for  any  temperature  can  be 
read  off  at  once.  Thus  100  g.  of  water  holds  13  g.  of  potassium  nitrate 
in  solution  at  0°  and  160  g.  at  73".  The  increase  in  solubility  b  here 
enormous.  On  the  other  hand,  the  same  quantity  of  water  will  hold 
35.6  g.  of  sodium  chloride  in  solution  at  0°  and  39  g.  at  100°.  The 
difference  is  shown  at  once  when  we  examine  the  curves  and  observe 
that  the  line  representing  the  solubility  of  sodium  chloride  scarcely 
rises  at  all  between  0°  and  100",  while  that  of  potasmum  nitrate  is 
ejttremely  steep. 

Cases  in  which  the  solubility  decreases  with  rise  in  temperature  are 
less  common.  The  solubility  of  slaked  lime  (calcium  hydroxide 
Ca(OH)t,  used  to  make  hmewater)  is  0.175  g.  at  20°  and  0.0789,  or 
less  than  half  as  great,  at  100°.  Anhydrous  sodium  sulphate  Na^04 
(Fig.  80,  p.  193)  is  another  illustration.  When  triethylamine,  an 
organic  base,  N(CiH()j,  liquid  at  ordinary  tem[>erature6,  is  added  to 
oold  water  until  no  more  will  dissolve,  the  solution,  which  is  perfectly 
clear  and  transparent,  on  being  warmed  with  the  hand  at  once  be- 
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comes  clouded  from  the  separation  of  the  two  liquids.  A  compara- 
tively Blight  elevation  in  temperature  causes  a  separation  into  two 
distinct  layers. 

Phases.  —  We  can  frequently  abbreviate  our  statements  by  uang 
two  words  of  broad  significance,  one  of  which  has  already  been  em- 
ployed. A  set  of  materials  in,  or  tending  towards,  a  condition  of  equi- 
librium is  called  a  nrBtam.  The  discrete  parts  of  an  inhomogeneous 
system  are  called  its  phuee;  Thus,  a  liquid  with  its  vapor  forms  a 
'  system  with  a  liquid  phase  and  a  vapor  phase.  A  saturated  solution 
is  a  system  with  three  phases,  the  undissolved  excess  of-  the  solute 
(solid  phase),  the  solution,  and  the  vapor. 

EquiUbriutn  in  a  Saturated  Solution.  —  Once  a  solution  has 
become  saturated,  the  undissolved  material  remains  thereafter  un- 
changed in  amount,  no  matter  how  loi^  the  uLaterials  are  left  in 
contact.  In  technical  terms,  the  quantity  of  each  phase  has  no  in- 
fluence on  the  concentration  of  any  of  them.  A  greater  excess  of  the 
solute  forces  no  more  matter  into  solution  than  does  a  small  excess. 

It  should  be  clearly  understood,  however,  that  the  kinetic  theory 
requires  us  to  assume  that  an  exchange  of  molecules  (p.  1S6)  is  stjll 
going  on  between  the  solid  and  the  solution.  That  this  conception  is 
correct  may  be  shown  in  various  ways.  Thus,  if  a  crystal,  the  edges 
or  comers  of  which  have  been  broken,  is  suspended  in  a  saturated 
solution  of  the  same  substance,  it  nether  increases  nor  diminishes  in 
weight.  Yet  we  find  that  the  imperfections  are  removed,  and  that 
this  takes  place  by  the  solution  of  a  portion  of  the  substance  irom  the 
perfect  surfaces  and  its  depo^tion  upon  the  imperfect  ones. 

Super»aturated  Solututna.  —  Another  very  striking  proof  of 
this  may  be  obtained  by  saturating  water  with  ordinary  Glauber's 
salt  (hydrated  ao^um  sulphate,  NasSO^jlOHiO)  at  a  temperature 
somewhat  above  the  ordinary,  say  30°,  at  which  temperature  100  c.c. 
of  water  hold  in  solution  40  g.  of  NajSO*  (Fig.  80).  The  excess  of  the 
solid  is  carefully  and  completely  separated  from  the  liquid,  and  the 
latter  is  allowed  to  cool,  say  to  15°  in  a  flask  loosely  stoppered  with 
cotton.  The  solution  now  contains  (Fig.  80)  a  much  laiger  amount  of 
sodium  sulphate  (NaiSOt)  than  at  its  present  temperature 'it  could 
acquire  from  contact  with  Glauber's  salt  (13  g.  at  15°).  Yet  in  the 
absence  of  a  crystal,  with  which  the  above  described  exchange  could 
take  place,  no  deposition  of  the  dissolved  substance  begins.    The 
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solution  may  be  kept  indefinitely  without  alteration.  The  intro- 
duction, however,  of  the  minutest  fragment  of  the  decshydrate  at 
ODce  starts  the  exchai^e,  and  this  is  necessarily  very  much  to  the 
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<lisadvaata(re  of  the  solution  and  the  advantage  of  the  crystal: 
NaiSO*  (dslvd)  +  10H,O  ;^  NaaSO,,10H,O  (soUd).  The  latter 
therefore  fonns  the  center  of  a  radiating  mass  of  blade-like 
processes,  which  sprout  with  astonishing  rapidity 
through  the  liquid  (Fig.  81). 

Usually  the  cooling  of  a  Qoncentrated  solution 
leads  to  the  almost  immediate  appearance  of  crystals 
spontaneously,  and  the  substance  is  deposited  gradu- 
^y  as  the  temperature  falls.  But  solutions  of  a 
number  of  conmion  substances,  such  as  sodium 
tluoaulpbate  (photographer's  "hypo")  and  sodium 
chlorate,  behave  like  that  of  sodium  sulphate.  They 
OK  Bajd  to  have  a  tendency  to  give  nip«naturat«d 
Kduttons.  In  general,  crystallization  can  be  started 
only  by  introduction  of  a  specimen  of  the  same 
substance,  or  at  all  events  of  one  isomorphous  (q.v.) 
with  it.  The  smallest  particle  of  the  right  material 
fioating  in  the  air,  if  it  gains  accidental  admission,  will  bring  about  the 
result.  This  shows  the  importance  of  the  interchange  of  molecules 
of  which  we  have  spoken  for  establishing  equilibrium. 
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Metaatable  Conditimt.  —  The  above  i^eDom^ioa  is  not  an 
isolated  or  exceptional  one  in  phyacal  science.  It  is  conunonly  the 
case  that,  when  the  conditions  for  some  physical  change  have  been 
reached,  the  beginning  of  the  phymcal  change  is  delayed  or  entirely 
faila.  The  system  is  then  said  to  be  in  a  mrtwrtable  condition.  Un- 
stable it  is  not.  Yet  it  is  not  in  the  state  of  greatest  stability,  for  the 
element  of  equilibrium  is  lacking.  Thus,  pure  water  may  easily  be 
cooled  three  or  four  d^rees  below  0°  without  the  appearance  of  any 
ice.  A^tation,  however,  in  this  case,  results  in  the  appearance  of  ice 
sooner  or  later.  Addition  of  a  fragment  of  ice  results  in  immediate 
crystallixatioD  (freezing).  In  like  manner  water  may  be  heated  to  a 
temperature  above  100°  without  boiling.  Brops  of  water,  suspended 
in  some  oil  of  almost  the  same  specific  gravity,  may  even  be  niaed  to 
175°  before  the  water  turns  into  steam.  TUs  is  because  there  is  no 
water  vapor  (but  only  oil)  in  contact  with  the  water.  Similarly,  tur 
which  is  saturated  with  moisture,  if  it  oraituns  no  dust,  may  be 
cooled  without  the  appearance  of  f(%. 

PhenomenA  ot  supavaturation,  of  a  temporary  kind  at  least,  are  extremely 
common  in  chemistiy.  Almoat  every  delayed  precipitation  is  a  case  of  it.  Ba- 
rium sulphate,  lor  example,  is  always  alow  in  appearing  in  dilute  scJutions.  So  is 
sulphur,  set  free  from  dilute  sodium  tfaiaeulpfaat«  solutiim  by  the  action  of  an  add. 
In  the  latter  ease,  instant  reneutralisation  with  a  base  does  not  prevent  tlie 
ultimate  appearanoe  of  the  sulphur,  showing  that  the  cause  doea  not  lie  in  dow 
interaetion  of  the  salt  with  the  add. 

D^nitum  of  a  Saturated  St^ution:  A  Warning.  —  To  av<Md 

a  common  mlscooMptlon,  it  must  be  qoted  that  a  saturated  solution 
must  not  be  defined  as  one  containing  all  of  the  solute  that  it  con 
hold.  A  supersaturated  solution  holds  more.  The  uturat«d  lohrtlaa 
is  one  which  contains  all  of  the  dissolved  solute  that  it  can  acquire 
from  the  undissolved  solute.  Better  still,  it  is  that  solution  whkb, 
whm  placod  with  axoan  ot  Um  lolnto,  is  found  to  bo  In  equlUbrluiii. 

It  must  be  clearly  understood  that  solution  is  not  a  process  of 
filling  the  pores  of  the  liquid.  If  ttiat  were  true,  approximately 
equal  weights  of  all  substances  would  find  accommodation  in  equal 
volumes  of  water.  The  fact  is  that,  for  example,  100  c.c.  of  water 
can  dissolve  195  g.  of  silver  fiuoride,  but  only  O.00000035  g.  of  olver 
iodide,  although  the  space  available  in  the  solvent  (if  there  is  any 
free  space)  is  the  same  in  both  cases. 

The  same  conclusion  is  reached  when  we  consider  that  two  forms 
of  the  eame  compound  have  different  solubilitaea.    Thua,  at  20°» 
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K&tSO<,10HtO  can  ^ve  about  18  g.  of  THaSOt  to  100  c.c.  of  water 
(lilg.  80).  But  anhydrous  sodium  sulphate  Na^O^  at  20^  ^ves 
59  g.  to  the  same  amount  of  water  (read  up  to  dotted  line,  fig.  80). 

Saturation,  —  When  we  have  shaken  a  solid  for  a  sufficient 
lei^h  of  time  with  a  given  amount  of  a  liquid,  we  obtain  a  solution 
which  is  saturated  with  respect  to  that  substance.  Having  called  . 
this  a  saturated  sohUion,  we  are  inchned  to  extract  from  the  term  a 
meaning  different  from  that  which  it  was  really  intended  to  convey. 
We  are  in  danger  of  thinking  that  the  solution  itself  is  in  some  way 
peculiar  —  that,  for  instance,  it  cont^ns  all  of  the  solid  which  it  is 
capable  of  holding.  This  would  be  an  entire  misconception.  If  we 
defflie  to  make  a  solution  of  sodium  sulphate  NatSO^,  for  example,  we 
may  present  this  substance  to  the  water  either  in  the  form  c^  Glau- 
ber's salt  NaiS04,10HiO  or  of  anhydrous  sodium  sulphate.  Now  the 
anhydrous  and  the  hydrated  forms  of  a  substance  always  behave  like 
entirely  different  substances.  This  hydrate  cannot  give  more  than  5 
parts  of  sodium  sulphate  NajSOi  to  100  parts  of  water  at  0°.  When 
the  anhydrous  compound  is  used,  many  times  this  amount  (Fig.  80)  is 
diaflolved  at  the  same  temperature:  NagSO,  (solid)  ?^  NsiSOt  (dslvd). 
The  solution  pressures  of  the  two  forms  are  entirely  different.  The 
phrase,  "  a  saturated  solution  of  sodium  sulphate,"  is  therefore  devoid 
(rf  definite  meaning.  We  must  describe  the  liquid  as  a  solution  satu- 
rated by  anhydrous,  or  by  hydrated  sodium  sulphate  as  the  case 
may  be. 

Being  different  subHtanoes,  the  hydrated  and  anhydrous  fofma  of  a  cwnpound 
must  be  investigated  aeparately  as  to  their  solubility  at  various  tempwaturee. 
The  results  must  ^ve  diEferent  correa,  as  (or  distinct  substances. 

Before  referring  to  the  curves  of  the  two  sodium  sulphates,  it  must  be  le- 
martced  that  hydrates  decompose  into  the  anhydrous,  or  some  less  hydrated  fona 
at  a  definite  (emperature.  We  cannot  therefore  continue  the  obeerration  of  the 
■olubnity  of  the  substance  beytmd  the  temperature  at  which  it  ceaaes  to  exist. 
Unis  the  solubility  curve  of  a  hydrate  oomes  to  an  abrupt  termination  at  the 
deemnpoeition,  or,  as  it  is  usually  called,  the  transition  point.*  Now  the  decahy- 
drBt«  of  sodium  sulphate  melts  and  decomposes  at  32.4°,  so  that  its  solubilities  can 
be  measured  only  from  about  0°  to  32.4°.  The  solubility  of  the  anhydrous  form, 
however,  oan  be  investigated  up  to  100°,  or  beyond  it,  if  necessary.  Not  only  so, 
I  can  be  carried  out  below  32,4°.    There  is  time  to  saturate  the 


*  These  statements  refer  to  equilibrium  eraiditiona.  In  practice,  by  rapid 
wcniL,  measivement  of  the  solubilities  of  hydrates  can  usual^  be  made  atom 
the  mjit-ing  (tn>naiti6ii)  pcwt  also. 
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Boluticw  with  the  anhydrous  body,  and  decant  the  liquid  for  tmalysiB,  before  tha 
hydrate  begins  to  cryetalUze  out. 

The  solubility  of  the  decahydrate  (Fig.  80)  riees  r^dly  between  0*  and  32.4' 
from  5  to  55  parte  in  100.  The  solubility  of  the  anhydrous  sodium  sulphate  de- 
creBsee  steadily  from  more  than  56  parts  below  32.4°  to  42.5  parts  at  100°.  The 
character  of  the  two  bodies,  in  the  matter  of  solubihty,  is  therefore  entirely  differ- 
ent. The  solutions  themselvee,  as  has  been  said  already,  are  identical  in  every 
way,  when  th^  have  the  Htune  concentration,  whether  they  have  been  made  from 
the  one  substance  or  the  other. 

Let  us  return  now  to  the  props'  use  of  the  t«nn  "saturated  solutitA."  We 
might  say,  correctly,  that  at  20°  a  solution  made  from  hydiated  sodium  sulphate 
and  containing  19.4  parts  of  sodium  sulphate  in  100  of  water  was  saturated.  This 
would  ttol,  however,  be  the  maximum  quantity  wtuch  tlie  same  amount  of  w&ter 
could  hold,  for,  with  the  help  of  the  anhydrous  compound,  we  could  add  an 
amount  equivalent  to  prolonging  the  ordinate  at  20°  until  it  intersected  the  curve 
of  anhydrous  sodium  sulphate  somewhere  about  the  value  60.  Nor  can  we  be 
sure  that  even  then  the  water  would  contain  all  the  sodium  sulphate  which  it 
could  hold.  It  is  conceivable  that,  by  presenting  the  substance  in  some  still  oth^ 
form,  even  greater  solubility  might  be  observed, 

A  saturated  solution,  if  we  fix  our  minds  upon  it  simply  as  a  sdution,  is  not 
different  from  any  other  solution.  There  is  no  feature  in  the  pr(^)ertie8  of  such 
a  solution,  ^ua  solution,  which  distinguishes  it  in  the  least  from  one  containing 
slightly  leas  or  one  contusing  slightly  more  of  the  disB(Jved  substance.  In  CMk- 
tact  with  a  crystal  of  the  substance  used  to  produce  the  saturation,  however,  the 
saturated  solution  is  found  to  be  in  equilibrium,  while  the  unsaturated  soIutitMi 
takes  up  more  of  the  substance,  and  the  supersaturated  solution  at  once  deposita 
'  the  amount  which  it  contains  in  excess  of  the  saturated  solution.  The  words  un- 
saturated, saturated,  and  supersaturated  convey,  therdore,  no  meaning  unless  we 
add  that  the  solution  is  so  "towards  some  specific  form  of  matwiaL  These  are 
qualities  of  the  system  including  the  undissolved  body,  and  not  erf  the  solution  by 
itself. 

The  fact  that  the  hydrated  and  anhydrous  sodium  sulphates  give  saturated 
solutions  of  the  same  concentration  at  32.4°,  so  that  the  curves  intosect  at  thia 
point,  is  a  very  significant  one.  Thia  is  the  temperature  at  which  the  former  siib- 
stajice  turns  into  the  latter.  At  transition  points  like  this  the  values  of  solubility, 
vapor  pressure,  and  some  other  properties,  are  always  the  same  for  both  forma 
(see  Freezing-points  of  solutions). 

The  Solute  Modifies  the  Physical  Properties  of  the  Sol- 
vent. —  These  alterations  in  the  values  of  the  physical  properties 
of  the  solvent  are  divisible  into  two  classes.  In  one  of  these  classes, 
equal  numbers  of  dissolved  molecules  of  different  substances,  i^ssolved 
in  equal  quantities  of  the  solvent,  produce  the  same  amount  of  change 
in  the  properties  affected.  The  dungs  la  proportional  to  the  molecu- 
lar dmoentntlon  of  the  diasolved  body,  whan  this  oonoenlzkUoa  is 
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nuO.  This  efEect  appears,  therefore,  to  be  lai^ely  due  to  mechan- 
ical causce,  aaee  it  depends  simply  upon  the  nmnber  of  foreign 
molecules,  without  reference  to  the  substance  composing  them.  Of 
this  nature  are  the  lowering  in  the  vapor  tension  of  the  hquid,  the 
raiijing  of  ita  boiling-point,  the  lowering  of  the  freezing-point  of  the 
liquid  (see  below),  and  the  value  of  the  osmotic  pressure  (see 
Chap.  XVII). 

In  the  other  class,  the  extent  of  the  effect  vanes  in  amount  with 
the  nature  of  the  substance  dissolved,  even  when  equal  numbers  of 
molecules  are  used.  This  sort  of  modification  in  the  properties  is 
specific  for  each  pair  of  substances  (solvent  and  solute).  The  change 
in  total  volume  occurring;  during  solution,  and  the  heat  of  solution 
(see  below)  belong  to  this  class. 

The  Vapor  Tensions  of  Solutions.  —  A  solute,  which  is  itself 
non-volatile,  tends  to  diminish  the  vapor  tension  of  the  solution.  It 
bindere  the  emission  of  the  vapor.  Thus  if,  instead  of  water,  we 
introduce  aqueous  solutions  of  differing  concentrations  of  the  same 
substance  successively  into  the  barometric  vacuum  (Fig.  53,  p.  145), 
we  find  that  the  vapor  preuum  of  the  solutions  are  less  than  that  of 
water  at  the  same  temperature-  The  dimimtHon  in  the  fall  of  the 
mercury  column,  which  measures  Ui»  lowering  la  vapor  prMsure,  li 
proportloojtl  to  tb«  concsntratlon  of  each  solution.  The  limit  is 
reached  with  the  saturated  solution,  although,  if  this  is  rather  con- 
centrated, the  proportionality  does  not  hold  strictly  down  to  that 
point  (see  Chap.  XVII),  For  example,  at  20°,  water  has  the  vapor 
pressure  17.4  mm.  while  a  saturated  solution  of  common  salt  (34.3  : 
100  Aq)  shows  only  13.9  mm.  —  a  lowering  in  the  vapor  pressure  of 
the  solvent  by  3.5  nmi. 

If  the  substance  is  very  soluble,  and  the  solution  highly  concen- 
trated, the  lowering  in  the  vapor  ten^don  will  be  considerable.  In 
fact,  the  solution  may  give  a  vapor  pressure  of  water  less  than  that 
commooly  present  in  the  atmosphere.  Such  a  solution,  placed  in  an 
op«i  vessel,  will  not  evaporate.  On  the  contrary,  vapor  from  the  air 
will  enter  it,  and  it  will  increase  in  bulk.  For  this  reason,  crystals  of 
very  soluble  substances  are  usually  moist  and,  when  exposed  to  the 
air,  acquire  water  from  the  latter  and  dissolve  in  this  water.  This 
behavior  is  called  dallquascvnco,  and  is  exhibited,  for  example,  by  the 
hydrate  of  calcium  chloride  CaCli,2H20,  which  is  consequently  used 
for  drying  gases.  Magnesium  chloride  MgClj,  present  as  an  impurity 
in  common  salt,  causes  the  latter  to  become  moist  in  damp  weather. 
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The  prindple  involved  will  become  clear  if  we  imagine  two  vessels, 
one  contBining  pure  water  uid  one  an  aqueous  solution,  to  be  placed 
on  a  glass  plate  and  covered  by  a'bell  j&r 
(fig.  82).  Each  liquid  exchanges  water 
molecules  with  the  moist  air  in  the  jar, 
but  the  solution  ^ves  oS  water  more  feebly 
than  does  the  pure  water.  The  result  is 
that  the  latter  can  produce  a  pressure  of 
water  vapor  higher  than  that  which  would 
be  in  equilibrium  with  the  solution.  The 
solution,  therefore,  receives  continuously 
more  molecules .  than  it  emits,  and  increases  in  volume.  The  pure 
water  thus  gradually  passes  through  the  vapor  state  into  the  solu- 
tion until  it  is  all  gone.  If  sufficient  water  was  present,  the  process 
would  go  on  until  the  solution  became  infinitely  dilute. 

One  of  the  oddiliea  of  chemical  literature  is  the  fact  that  most  authors  dis- 

CUBH  efflorescence  (p.  151)  and  deliquescence  in  the  some  paragraph,  if  not  in 

the  same  Bentence.     Since  theee  two  topics  an  entirely  unrelated,  and  bdong 

indeed  to  different  chapters,  this  inappropriate  juxts^Kwiticm  is  somewhat  con- 
Elevation  in  the  Boiling-Point  qf  a  Solution.  —  A  solute 

lowers  the  vapor  pressure  of  a  solvent,  not  only  at  room  temperature, 

but  at  all  temperatures.    Thus,  at  100°,  a  7.5  per  cent  solution  of 

potassium  chloride  shows  a  ^^^^ 

vapor  pressure  of  only  734.1    7eo 

mm.,  while  that  of  water  is 

760  mm.     The  lowering  is 

25.9  mm.     Hence,  tlia  aolu-    ^ 

Uon  lus  to  ba  rklsttd  to  a    | 

lilCbert«mp«raturfl(100.96°}    | 

before  It  bcdls.     This  is  al-    | 

most  exactly  0.037"  per  t    S- 

mm.,  which  is  the  VEilue  for 

pure  wat€r  {p.  145). 

This  concluffion  may  also  be 
reached  graphically  (Fig,  83). 
The     ordinat«s     represent     the 

vapor  tenaionB   corresponding  to  the  temperatures   shown  by  the  i 
They  increase  in  length  with  rise  in  temperature.     The   horizontal  dotted 
Une  shows  the  vtqmr  tension  of  760  mm.  at  which  any  liquid  will  boil.    Tlie 
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bcHlii^-iXHDt  of  the  sclent  is  therefore  the  tempenture  at  which  its  curve 
intoBects  tlua  line.  Since  the  vtpot  teuaums  of  the  Bolution  &re  all  below  thoM 
of  the  aolveut,  its  curve  liea  below  that  for  the  strait,  but  aecenda  along  with 
the  Utter.  Hence,  it  also  cut«  the  760  mm.  line,  but  at  a  point  bej/ond  the  boil- 
ing-point  of  the  pure  sdvent.  Since,  for  short  lengths,  the  curres  are  very  nearly 
Btrai^t  linee,  the  distonoea  from  boiling-point  to  boiling-point  are  very  nearly 
proportional  to  the  vertical  distances  between  the  curves.  That  is  to  say,  the 
•ImUons  In  tlw  bolUnc-point  ax*  inoportlonal  to  the  depresncHw  in  the 
\apiyt  tension,  and  therefore  to  th*  ooncentrfttlon  of  the  dUterent  lolutdom 


When  dlflamit  nibttajiMa  in  the  utna  lolrant  are  compared,  equal  mo- 
lecuUr  eo&cenbatioii*  of  the  lolute  give  equal  elevatlou  In  the  bolUnc- 
pdnt.  llius,  1  gram-molecular  weight  of  sugar  (342  g.),  or  of  glycerine  (92  g.), 
dissolved  in  1000  cc.  of  water,  will  elevate  the  boiling-punt  from  100°  to  100.52° 
(for  excepticwis,  see  Chap.  XVII).  When  the  effects  of  the  same  solute  In  (Ufler- 
ent  lolTente  aie  compared,  the  scale  of  the  elevation  alone  is  different. 

The  same  effect  may  be  observed  in  iaomorphous  mixtures  of  sohd  bodies, 
which  chemists  cwisider  to  be  solid  solutions.  Thus  the  vapor  tension  of  water 
in  the  alums  is  greater  than  the  average  vapor  preasure  of  water  in  the  air,  and 
henoe  they  lose  their  water  of  hydration  spontaneously  (c/.  p.  152).  But  if  mixed 
crystals  of  two  ahima,  say  ordinary  alum  K^Oi,A]i(SOi)i,24HiO  and  iron  alum 
(NHt)^4,Fei(S04)>,24HiO  are  prepared,  they  keep  perfectly.  The  vapor  ten- 
aion  of  the  water  in  each  has  been  lowered  by  the  influence  of  the  other  alum 
dissolved  m  it.  Similarly,  calcium  formate  Ca(CH0i)i,4H^  effloreeoes  (p.  151), 
but  loses  this  tendency  when  ctTstaUioed  with  some  of  the  isomorphous  barium  or 
stnmtium  aah. 

Freexing-Pmnt^  qf  Solutions:  Freesing  Mixturea.  —  Every 
pure  liquid  has  a  definite  temperature  at  which  it  freezes.  Tbua, 
pure  water  freezes  at  0°  and  benzene  at  5.5°.  The  freezing  of  a  dilute 
solution  consists,  usually,  in  the  crystallization  of  some  of  the  pure 
solvent  only.  The  presence  of  a  fordgn,  dissolved  body,  tenda  te 
prevent  this  freezing,  and  so  solutions  can  be  froisea  only  at  tem- 
peratures below  the  fteezing-point  of  the  pure  solvent.  Thus,  aea- 
water  is  harder  to  freeze  than  fresh  water.  Also,  the  ice  formed  in  salt 
water  b  free  from  salt.  The  freedng-polnts  of  aidutione  of  the  same 
•ubstance  ere  found  to  be  depressed  below  that  of  the  solvent  In  pro- 
poctbm  to  the  coneenbatlon  ai  the  solute  *  (see  Chap.  XVII).  This 
may  be  shown  graphically  (Fig.  84).  The  ordinates  represent  vapor 
tensions  corresponding  to  the  temperatures  shown  by  the  abscissa. 
The  rate  at  which  the  former  rise  is  greater  for  ice  than  for  water, 

*  Only  when  the  solid  which  separates  consists  of  the  pure  solvoit,  and  the 
sohito  <kies  not  enter  into  it,  does  this  law  represent  the  facte. 
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hence  the  ice  curve  is  steeper.  At  0°,  ice  and  water  can  coexist 
permanently  (p.  144).  By  measurement,  they  have  the  same  vapor 
tension  (4.6  mm.)  at  this  point.  Theoretically,  if  they  had  not,  they 
could  not  coexist  indefinitely,  for  the  one  with  the  greater  vapor 
tension  would  evaporate, 
and  its  vapor  would  con- 
dense on  the  other  until 
one   of  them   alone  re- 


Now  the  vapor  ten^ 
sion  of  a  solution  is,  at 
all  temperatures,  lower 
(Fig.  84)  than  that  of 
.  water,  Hence,fora8olu- 
tion,  the  curve  must  cut 
the  ice  curve  below  4.6 
mm.  and  therefore  behind  0°.  In  other  words,  ice  and  the  solution 
cannot  have  equal  vapor  tensions,  and  therefore  coexist  indefinitely, 
except  at  some  temperature  below  0°.  But  the  temperature  at 
which  ice  can  exist  indefinitely  in  a  solution  is  the  freeising-point. 
Hence,  freezing-points  of  solutions  are  always  lower  than  those  of 
the  pure  solvents. 

By  measunng  the  vapor  tensioi^  of  the  solution  at  several  temper- 
atures, in  order  to  see  how  far  the  curve  for  the  solution  is  below  that 
of  water,  and  then  producing  the  curve  for  the  solution  backwards,  the 
intersection  with  the  ice  curve,  and  therefore  the  freezing-point,  may 
be  obtained  graphically.  Direct  measurement  always  confirms  the 
result. 

Since  the  ice  curve  is,  for  a  ^ort  distance,  almost  a  straight  line,  it 
follows  that  the  depressions  of  the  freezing-point  are  proportional  to 
those  of  the  vapor  tension,  and  these  in  turn  are  proportional  to  the 
concentrations.  From  this  relation  we  get  the  statement  with  which 
this  section  opened-  Thus,  solutions  of  Sugar  containing  11.4,  22,8, 
and  34.2  g.  of  sugar  to  100  g.  of  water  freeze  at  -0.62*,  - 1.23°,  and 
—  1.85°,  respectively.  Numerically,  in  the  case  of  water,  a  lowering 
of  the  vapor  pressure  by  riir  of  its  amount  at  each  temperature  sets 
the  freezmg-point  back  1.05°. 

This  fact  likewise  ext^ins  why  salt,  thrown  on  ice,  causes  the 
latter  to  melt.  A  saturated  solution  of  salt  does  not  freeze  until 
cooled  to  —21°  (—6°  F,),  and  it  then  gives  a  mixture  of  pure  ice  and 
pure  salt  crystals,  known  as  a  ajalbjdattt.    Hence,  ice  and  salt  can 
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not  pamanently  eodst  together  tAove  —  21°,  their  ciyohydratic  point. 
Below  —6°  F.,  salt  will  do  longer  melt  ice  because  the  solid  mixture 
can  exist  below  that  temperature.  A  mixture  of  ice  and  salt,  giving 
a  temperature  of  —6°  F.,  is  called  a  fnozlng  mixture,  and  is  ueed  in 
freezing  ice  cream  and  ices.  Substance  more  soluble  than  common 
salt,  such  as  calcium  chloride,  ^ve,  with  ice,  freezing  mixtures  of 
lower  temperature  (see  end  of  section  oa  Heat  of  solution,  p.  203). 

Den^lies  of  Sotutiona.  —  The  density  of  a  solution  is  usually 
greater,  though  often  less,  than  that  of  water  and,  in  each  case,  varies 
with  the  concentration.  For  commercial  purposes,  the  concentra- 
tion of  a  solution  is  commonly  defined  by  the  density  (or  specific 
gravity).  Thus,  we  purchase  ammonium  hydroxide  solution  of 
"0.88  sp.  gr.,"  meaning  35  per  cent  of  anmionia,  or  sulphuric  acid  of 
"  1.84  sp.  gr.,"  meaning  94.8  per  cent  of  the  acid. 

The  commonly  greater  density  of  a  solution  is  utilized  in  making 
solutions  in  chemical  factories.  Shaking  several  tons  of  the  mixture 
is  out  of  the  question,  and  stirring  costs  money.  If  the  sohd  is 
placed  in  the  bottom  of  the  tank,  under  water,  a  saturated  solution  is 
formed  in  the  bwest  layer  of  the  water,  and  passage  of  the  dissolving 
substance  into  the  upper  layers,  by  diffusion,  would  take  months  or 
years.  Hence  most  of  the  solid  would  remain  undissolved  (Fig.  76, 
p.  184).  But  when  the  solid  is  placed  on  a  shdf,  near  the  surface  of 
the  water,  the  solution,  being  more  dense, ^nks  through  the  water, 
fresh  water  rises  to  the  shelf,  and  a  circulation  is  started.  This  results 
in  the  dissolving  of  the  whole  material  in  a  surprimngly  short  time, 
with  DO  expenditure  of  labor  whatever. 

Changes  in  Volume  upon  Solution.  —  The  erratic  and,  at 
present,  unexplained  changes  in  volume  which  occur  when  a  substance 
is  dissolved,  seem  to  indicate  that  the  process  is  less  simple  than  we 
have  thus  far  admitted,  and  that  chemical  chaises  occur  during  the 
process.  Thus,  when  250  g.  of  conmion  salt  are  dissolved  in  1  liter 
<rf  water  (=  1000  c.c.  =  1000  g.),  which  gives  a  20  per  cent  solution, 
the  volume  of  the  solution  is  only  1086  c.c.  Since  the  250  g.  of  salt 
occupied  116  c.c.  before  \mns  dissolved,  a  aknnkage  of  1116-1086,  or 
30  c.c,  accompanied  the  process  of  solution.  C^  the  other  band, 
214  g.  of  ammonium  chloride  (volume  142.5  c.c.)  and  843.5  c.c.  of 
water  have  a  total  volume  of  986  cc,  but  when  dissolved  give 
1000  cc.  of  solution.  Here  there  is  an  expanraon  of  14  cc.  Table 
sugar,  however,  dissolves  in  water  with  almost  no  change  in  volume. 
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Is  Solution  a  Physical  or  a  Chemical  Change?  —  These 
phenomena  are,  in  part,  accounted  for  by  the  fact  that  water  is  not  a 
dngte  substance,  but  a  mixture.  It  is  largely  composed  of  dibydrol 
(H^O)s,  with  much  trihydrol  (HiO)i  near  to  0°  and  increaang  quanti- 
ties of  monohydrol  HjO  at  higher  temperaturea.  When  any  sub- 
stance is  dissolved  in  conaiderable  amount  in  water,  the  equilibrium 
amongst  these  three  kinds  of  molecules  is  disturbed,  and  their  pro- 
portions change; 

2(H,0),?:i  3(HsO),  ^  6H,0. 
Now,  equal  weights  of  these  three  kinds  of  water  occupy  different 
volumes,  and  hence  solution  is  accompanied  by  changes  in  the  volume 
of  the  vxUer.  The  same  condition  in  water  explains  the  point  of 
maximum  denmty  (4°).  The  chaise  from  CHiO)»  to  (HjO)*,  which 
proceeds  as  the  temperature  rises  from  0°  to  4°,  is  accompanied  by  a 
ahrinkage,  because  dihydrol  has  the  higher  specific  gravity.  B^ond 
4°,  the  usual  expansion  with  rising  temperatiu*e  prevails. 

There  is  also  evidence  that  many  dissolved  bodies  form  imstable 
compounds  with  water,  although  we  have  not  as  yet  definite  infor- 
mation about  these  compounds. 

DisBolving  in  water  is,  therefore,  partly  a  cheiaical  and  only 
partly  a  physical  process  —  a  part  of  the  water  is  always  affected,  and 
a  part  or  all  of  the  solute  may  go  into  combination. 

Beat  of  Solution.  —  As  in  other  chaises  of  state  of  aggrega- 
tion, so  in  the  process  of  solution,  heat  is  usually  liberated  or  absorbed. 
That  is,  the  solution  is  either  wanner  or  colder  than  the  original 
materials.  This  is  known  as  boat  of  lolutdou.  Thus,  one  gram- 
formula-weight  of  sulphuric  acid  (98  g.),  in  dissolving  in  a  large  ■ 
volume  of  water,  lib^tes  39,170  calories,  and  one  gram-formula- 
weight  of  ammonium  chloride  {53.5  g.),  in  dissolving,  absorbs  3880 
calories. 

The  sources  or  destiny  of  the  heat  ^ven  out  or  absorbed  have  not 
been  studied  in  such  a  way  that  definite  statements  can  be  made  about 
the  theory  of  the  subject.  There  are  many  factors  which  would  have 
to  be  considered.  For  example,  the  body,  if  a  solid,  goes  into  an 
essentially  liquid  condition,  and  its  heat  of  fusion  is  always  n^ative. 
A  part  of  the  water  always  undeigoes  chemical  change  (p.  202).  The 
solute  also  frequently  combines  with  a  part  of  the  water,  or  is  ionized 
(q.v.),  and  the  change  in  volume  of  the  mixture,  as  a  phydcal 
phenomenon,  would  alone  entail  a  heat-change.  Hence  this  heat 
effect  is  partly  chemical  and  partly  physical  in  ot^id. 
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The  fint  water  UBed  always  causes  a  greater  beat  change  than  tbf) 
addition  of  succeeding  equal  amounts.  Heats  of  solution  are  meas* 
ured  for  the  solution  of  one  formula-wdght  of  the  substance  in  un- 
linuted  water.  The  values  in  calories  for  some  common  substances 
are  as  follows: 

H^04,.Aq  =  +-39,170  Naa,  Aq 1180 

HCl,  Aq  =  +17,400  NH4CI,  Aq  =  -3880 

KOH,  Aq  =  +12,500  KCl,  Aq 4440 

NaOH,  Aq  =  +9780  Na,CO,,10HiO,  Aq  =  -16,160 

Na,CO,,  Aq  =  +5640  Na,SO*,Aq  =  +460 

CaCI,,  Aq  =  +3258  NasSO4,10H,O,  Aq  =  - 18,760 

When  a  substance  comes  out  of  solution,  the  heat  effect  is  equal,  and  of 
oppodte  sign  to  that  occurring  when  the  same  substance  goes  into  acdt]> 
tion.  Hence,  since  the  decahydrate  of  sodium  sulphate  absorbs  heat 
in  dissolvii^,  a  considerable  development  of  heat  is  noticed  when  it 
suddenly  crystallises  from  a  supersaturated  solution.  Some  ether  in 
a  tube  immersed  in  the  solution  may  be  boiled  by  this  heat  and  its 
vapor  set  on  fire  to  make  the  fact  evident  at  a  distance.  An  impor- 
tant relation  between  heat  of  solution  and  solubihty  will  be  discussed 
under  van't  HoS's  law  of  mobile  equilibrium  (q.v.). 

The  melting  of  ice  by  contact  with  salt  is  sometimes  explained  as 
bong  due  to  the  heat  given  out  when  the  salt  dissolves.  The  above 
table  shows,  however,  that  heat  is  absorbed  —  not  given  out  —  when 
salt  dissolves.  The  fact  is  that  any  substance,  provided  it  is  soluble 
in  water,  when  added  to  ice,  will  give  a  mixturewith  a  temperature 
below  0°.  Whether  the  substance  is  sulphuric  acid,  which  gives  out 
heat,  or  ammonium  chloride,  which  absorbs  it,  makes  no  difference  in 
the  result.  The  solubility,  in  terms  of  the  number  of  molecules  that 
can  be  dissolved  in  a  given  amount  of  water,  alone  determines  the 
extent  of  the  depression  in  temperature  (below  0°)  which  is  produced. 
The  temperature  falls  because  of  the  heat  absorbed  in  melting  the  ice 
[ht.  of  fusion  79  cat.  per  1  g.),  and,  in  spite  of  the  warmth  of  surround- 
ing bodies,  the  temperature  thereafter  remans  at  the  low  value  (so 
long  as  the  ice  holds  out),  because  that  is  the  temperature  at  which 
alone  ice  and  the  solution  can  coexist  (p.  200). 

Definition  of  a  Solution,  —  We  are  now  able  to  make  a  brief 
statement  which  shall  distinguish  solutions  from  mixtures  on  the  one 
hand  and  from  chemical  compounds  on  the  other.  Solutloni  an 
taomocawoiu  mlxturM  of  two  or  mon  lubatanoAS  wblctt  are  sopant- 
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bU  Into  tbolr  compoiunts  by  altarlng  tba  Btat*  of  cms  of  the  inb- 
staacM  {e.g.,  by  freezing  or  boiling  out  ooe  comfwiient),  and  vbow 
IdTopertiM  Tuy  oontinuously  wiUi  the  proporUoni  of  Uu  oomponanti 
1  limit!. 


Application  in  Chemical  Work.  —  The  th«ory  of  tbia  subject 
has  been  given  on  account  of  its  intensely  practical  interest,  and  it 
should  be  kept  in  mind  in  all  ordinary  chemical  operations.  It  will 
afford  an  explanation  of  many  things  which  might  otherwise  be  attrib- 
uted to  the  wrong  cause,  or  might  remain  entirely  without  explanation. 
For  example,  why  is  the  action  of  a  metal  upon  an  acid  so  alow?  We 
must  remember  that  an  acid  diluted  with  water  is  being  used,  and 
only  one  molecule  out  of  every  dozen  or  hundred  is  a  molecule  of  the 
acid.  So  that  the  access  of  the  latter  to  the  metal  is  restricted  at  first, 
and  becomes  more  and  more  so  as  the  molecules  of  the  acid  in  the 
immediate  vicinity  of  the  metal  undergo  chemical  change.*  On  the 
other  band,  the  metal,  especially  if  it  be  in  the  form  of  sticks  obtwned 
by  casting,  presents  one  of  the  elements  in  the  action  in  a  most  com- 
pact form.  The  only  parts  which  are  accesmble  to  the  acid  are  those 
upon  the  surface  and,  the  metal  not  being  appreciably  soluble  in  water, 
the  molecules  can  only  pass  off  and  expose  a  fresh  layer  very  slowly. 
It  is  no  wonder  that  many  chemical  actions  occupy  a  considerable 
time.  The  wonder  is  that  they  should  take  place  as  rapidly  as  they 
do.  Their  speed  would  seem  to  point  to"  a  most  intense  chemical 
activity,  even  in  the  seemingly  feebler  instances.  Various  artifices  are 
habitually  employed  for  facilitating  chemical  action.  Thus,  the  metal 
may  be  reduced  to  a  leafy  form  by  pouring  the  molten  substance  into 
cold  water.  Naturally,  with  metals,  the  maximum  surface  and  the 
most  rapid  chemical  action  are  obtained  by  using  a  fine  powder.   . 

The  most  speedy  interaction  of  all,  other  things  being  equal,  must 
be  attainable  by  dissolving  all  the  interacting  substances  in  water. 
Under  these  circumstances  all  the  molecules  of  each  substance  must 
simultaneously  have  many  molecules  of  the  other  within  easy  reach  of 
them. 

*  Id  apite  of  the  continuoua  exhaustion  oF  the  add,  there  is  often  a  steady  io- 
orease  in  the  rate  at  which  a  dilute  acid  interacts  with  a  metal.  Ttiia  is  du«^  at 
first,  to  the  dirt  on  the  surface  of  the  metal  which  temporarily  obetnicts  the  ac- 
tion and,  later,  to  the  rising  temperature  of  the  interacting  bodies.  In  the  action 
<rf  metala,  Uke  that  of  zinc  on  an  acid  (p.  119),  impurities  in  the  metal  remain  on 
tiie  surface  as  the  metal  is  eaten  away  and  act  as  contact  agents,  stimulating  Uie 
reaction. 
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Exerciser.  —  1.  Give  other  examples  of  limited  solubility  in 
rarious  8olveots  (p.  179). 

2.  If  you  were  not  permitted  to  evaporate  aea-water  to  drynesB, 
how  should  you  show  that  it  was  a  solution  and  not  a  pure  Bubstance? 

3.  Reexpress  Henry'3  law  (p.  188}  in  tenns  of  the  volume  of  gas 
diaaolved  at  different  preesures. 

4.  If  hydrogen  sulphide  is  diluted  to  ten  times  its  volume  with 
hydrogen,  what  volume  of  it,  estimated  as  pure  ^as,  will  be  dissolved 
\fy  20  volumes  of  alcohol  at  0°  and  760  mm.  (p,  188)? 

5.  If  thedissolvedair,  after  being  removed.fromwaterby  boiling, 
were  to  be  shaken  with  water  once  more,  in  what  proportions  by 
volume  would  the  gases  now  dissolve  (p.  189)? 

6.  Read  from  the  curves  (p.  191)  the  solubilities  of  potasdum 
nitrate  at  15",  of  potassium  chloride  at  30°,  of  potassium  chlorate  at 
45*.  What  are  the  relative  rates  at  which  the  solubihtiea  of  these 
Balta  increase  with  rise  in  temperature? 

7.  Express  the  concentrations  of  solutions  of  ammonium  chloride, 
saturated  at  0°  (sp.  gr.  1.076),  and  of  potassimn  sulphate  KjSOi,  satu- 
rated at  10°  (sp.  gr.  1.083),  in  tenns  of  a  normal  solution  (p.  182). 

8.  Express  the  concentration  of  a  five  per  cent  aqueous  solution 
of  phosphoric  acid  (sp.  gr.  1.027),  in  terms  of  a  normal  and  a  molar 
solution,  respectively. 

9.  Name  the  phases  (p.  192)  in  a  system  consisting  of  oxygen  and 
ita  aqueous  solution,  (a)  above  0°,  (b)  below  0". 

10.  When  a  solution  of  a  very  soluble  substance,  like  zinc  chloride, 
is  evaporated  to  dryness  on  a  water  bath,  why  is  the  escape  of  the 
last  portions  of  the  solvent  so  much  slower  than  is  that  of  the  first? 

11.  At  what  level  in  a  tank  of  water  should  you  introduce  am- 
tDOoia  gas,  in  order,  with  the  least  effort,  to  saturate  the  water 
{p.  201)? 

12.  Give  one  reason  why  a  gas,  at  constant  pressure,  should  be- 
come less  soluble  as  the  temperature  rises. 
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HTDBOCON  CHLOEIDS  AND  CHLORIia 

We  have  had  occasion  several  times  to  mention  common  salt,  or 

Bodium  chloride  NaCl.     This  is  one  of  the  most  familiar  chemical 

substances.     Large  quantities  of  it  are  used  in  the  household,  in 

cooking  and  in  making  freezing  mixtures.     Still  larger  amounts  are 

consumed  in  manufacturing  washing  soda,  caustic  soda,  and  soap,  for 

all  of  which  it  furnishes  the  necessary  sodium.     It 

is  used  also  in  preserving  fish  and  other  foods. 

It  supplies  the  chlorine  used  in  bleaching  and  in 

the  sterilization  of  city  waters.     We  shall  conader 

it  first  as  a  means  of  making  other  compounds  of 

chlorine. 


Preparation  of  Hydrogen  Chloride  HCl 
from  Salt.  —  When  some  concentrated  sulphuric 
acid  is  poured  upon  sodium  chloride,  a  vigorous 
effervescence  is  noticed.  This  shows  that  bubbles 
of  a  gas  are  forming  upon  the  salt  crystals  and  are 
rising  through  the  acid  and  bursting.  If  the  salt 
be  placed  in  a  flask  (Fig.  85),  the  acid  can  be 
allowed  to  enter  from  time  to  time  through  the 
funnel.  When  the  air  has  been  displaced  from  the  flask,  the  gas 
issues  from  the  dehvery  tube.  If  the  correct  proportion  of  the  acid 
is  used,  and  only  a  gentle  heat  is  applied,  all  that  remains  in  the 
flask  b  a  white  solid,  sodium-hydrogen  sulphate  (or  sodium  bi- 
sulphate)  NaHSO*: 

NaCl  +  HjSO*  —  NaHSO*  +  HCI  T  .*  (1) 

The  gas  is  extremely  soluble  in  water  and,  being  heavier  than  air, 
may  be  collected  by  upward  displacement  of  the  air  in  a  jar. 

The  action  described  is  the  one  which  occurs  in  the  laboratory. 


*  An  arrow  pointing  upward  indicates  escape  as  a  gaa,  o 
e  poiutiog  downward  indicates  precipitation. 


solution  of  a  solid; 
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WbeD  a  double  proportion  of  Bait  and  a  red  heat  are  ueed,  a  second 
actHm  occurs: 

NaCl  +  NaHSO*  -*  Na^O*  +  HCl  T  (2) 

and  sodium  sulphate  KatSOt  remains.  In  one  or  two  factories  in 
Europe  this  action  is  still  employed,  with  furnace  heat,  in  manufac- 
turing sodium  sulphate,  from  which  sodium  carbonate  is  afterwards 
prepared.  The  hydrogen  chloride  passes  into  a  tower,  down  which 
water  trickles  over  lumps  of  coke,  and  is  disaolved.  The  aqueous 
si^ution  is  called  hydrochloric  acid  or,  in  commerce,  muriatic  acid 
(lat.  mtaia,  brine). 

Hydrogen  Chloride  front  Other  Chlorides  and  Other  Acids. 

—  Hie  chlorides  of  other  metals  can  be  substituted  for  sodium 
chloride  in  this  action,  and  all  the  more  soluble  ones  give  hydrogen 
diloride  freely.  Other  chlorides  are  all  more  expensive,  however, 
than  conunon  salt. 

All  adds  contain  the  necessary  hydrogen  radical,  and  might  offer 
it  in  exchange  for  the  sodium  in  the  salt,  yet  in  practice  no  other  acid 
works  so  well  as  does  sulphuric  acid.  Most  other  acids  contain  much 
water,  which  dissolves  the  hydrogen  chloride  (see  below).  Concen- 
trated phosphoric  acid  HsPO«,  Aq  acts  slowly,  giving  primary  sodium 
pbospbate: 

NaC!  +  H^O*  -» NaHjPO*  +  Ha  t  • 

If  various  chlorides  are  used  with  the  same  acid,  it  will  be  found 
that  the  vigor  of  the  actions  is  very  different.  In  some,  hydrogen 
chloride  will  be  produced  copiously  without  the  assistance  of  heat. 
In  others,  there  will  be  difficulty  in  showing  that  hydrogen  chloride 
gas  is  produced  at  all.  We  must  not  hastily  assume  that  this  is  owing 
to  any  greater  chemical  affinity  in  one  case  than  another.  More  ex- 
tenfdve  experimentation  will  show  that  the  more  solvble  chlorides  as  a 
rule  give  more  vigorous  effects  thim  those  which  are  less  so  (pp.  204^ 
220).  Ammonium  chloride  with  sulphuric  acid  would  represent  the 
fomier  variety,  while  mercuric  chloride  with  the  same  acid  would 
represmt  the  latter. 

The  Molecular  View  tif  the  Interaction  of  Sulphuric  Add 
and  Salt.  —  One  who  has  used  the  above  method  for  makii^  hy- 
drogen chloride  without  reflection  would  not  realise  the  complexity 
of  the  machinery  by  which  the  result  is  achieved.  The  means  are 
apparently  very  simple.    Yet  the  mechanical  features  of  this  experi- 
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ment,  when  lajd  bare,  are  extremely  curious  and  interesting.  A  ma^e 
fact  will  show  the  possibilities  which  are  concealed  in  it. 

If  we  take  a  saturated  solution  of  sodium-hydrogen  sulphate  (that 
is,  one  containing  the  minimum  amount  of  water),  and  add  to  it  a 
concentrated  solution  of  hydrogen  chloride  in  water  (concentrated 
hydrochloric  acid),  we  shall  perceive  at  once  the  formation  of  a 
copious  precipitate.  This  is  composed  entirely  of  minut«  cubes  of 
sodium  chloride: 

NaHSO,  +  HCI  -» H^O*  +  Naa  I  -•  (3) 

Now  this  action  is  nothing  less  than  the  precise  reverse  of  (1),  yet  it 
proceeds  with  equal  success.  In  fact,  this  chemical  interaction  is  not 
only  reversible  (p.  153),  but  can  be  carried  to  completion  in  etfWdirec- 
tioa.  It  is  only  in  presence  of  a  large  amount  of  water,  sufficient  to 
keep  both  the  hydrogen  chloride  and  the  salt  in  solution,  that  it  stops 
midway  in  ite  career  and  is  valueless  for  securing  a  complete  trans- 
formation in  either  direction : 

NaHSO*  -I-  HCI  t^  USOt  +  NaO.  (4) 

In  an  action  which  is  revermble,  if  the  j/roducis  remain  as  perfectly 
mixed  and  accessible  to  each  other  as  were  the  initial  substances, 
because  all  are  in  solution  (4),  their  interaction  will  continually  undo 
a  part  of  the  work  of  the  forward  direction  of  the  change.  Hence,  in. 
such  a  case  the  reaction  must,  and  does,  come  to  a  standstill  while  as 
yet  only  partly  accomplished.  But  this  was  not  the  case  with  actions 
(1)  and  (3).  Let  us  examine  the  means  by  which  the  premature 
cessation  of  each  was  avoided. 

In  (1)  the  salt  dissolved  to  some  extent  in  the  sulphuric  add, 
NaCl  (solid)  7^  NaCl  (dslvd),  and  so,  by  contact  of  the  two  kinds  of 
molecules,  the  products  were  formed.  On  the  other  hand,  the  hydn^ 
gen  chloride,  being  almost  insoluble  in  sulphuric  acid,  escaped  as  fast 
as  it  was  formed:  HCI  (dslvd)  <=£  HCI  (gas).  Hence,  in  that  case, 
abnost  no  reverse  action  was  possible,  and  the  double  decomposition 
went  on  to  completion,  "With  all  the  sodium-hydrogen  sulphate  10 
the  bottom  of  the  flask,  and  most  of  the  hydrogen  chloride  in  the  space 
above,  the  two  products  might  as  well  have  been  in  separate  vessels 
so  far  as  any  eflScient  re-interaction  was  concerned.  This  plan,  in 
which  water  is  purposely  excluded,  fonns  therefore  the  method  of 
making  hydrogen  chloride. 

NaCl  {soUd}?iNaa  (dblvd)  +  H,SO,  ?i  NaHSO,  +  HQ  {dBlvd)iaHCl  (gw). 
*  Bee  footnote  on  p.  206. 
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In  (3),  on  the  other  band,  the  hydrogen  chloride  was  taken  in 
aqueous  eohdion,  and  was  mixed  with  a  strong  solution  of  sodium  bi- 
sulphate.  The  acid  was,  therefore,  kept  permanently  in  full  contact 
wiUi  the  sodium  bisulphate.  It  had,  in  this  case,  every  opportunity 
to  interact  with  the  latter  and  no  chance  of  escape.  Every-molecule 
of  each  ingredient  could  reach  every  molecule  of  the  other  with  equal 
ease.  Furthermore,  the  sodium  chloride  produced  as  a  result  of  their 
activity  is  not  very  soluble  in  concentrated  hydrochloric  acid  (far 
less  so  than  in  water),  and  so  it  came  out  as  a  precipitate:  NaCl 
(dslvd)  -^  NaCl  (solid).  But  this  was  almost  the  same  as  if  it  had 
gone  off  as  a  gas.  It  meant  that  the  greater  part  of  the  salt  was  in  the 
solid  form.  It  was  in  a  state  of  fine  powder,  it  is  true.  But,  in  the 
molecular  point  of  view,  the  smallest  particle  of  a  powder  contains 
millions  of  molecules,  and  most  of  these  are  necessarily  buried  in  the 
interior  of  a  particle.  Thus,  the  sodium  chloride  was  no  longer  able 
to  interact  effectively  molecule  to  molecule  with  the  other  product, 
the  sulphuric  acid.  Hence,  there  was  little  reverse  action  to  impede 
the  progress  of  the  primary  one.  Thus  (3)  is  nearly  as  perfect  a  way 
of  liberating  sulphuric  acid  as  (1)  is  of  liberating  hydrogen  chloride. 
This  discussion  is  given  to  illustrate  the  displacement  of  a  chemi- 
cal equilibrium,  and  to  explain  the  method  of  preparing  hydrogen 
chloride.  It  also  throws  an  interesting  light  on  otMmleal  affinity, 
however.  Considering  action  (1),  by  itself,  we  might  reason  that  the 
hydrogen  chloride  was  formed  because  the  affinity  of  the  hydro- 
gen (H)  for  chlorine  (CI)  was  greater  than  for  the  sulphate  radical 
(8O4).  But,  if  we  did  so,  then  in  action  (3)  we  should  be  compelled 
to  reason  similarly  that  the  preponderance  of  affinity  was  just  the 
oppo^te.  In  point  of  fact,  no  conclusion  about  relative  afBnity 
can  be  drawn  from  these  actions.  The  effects  of  affinity  are  here 
entirely  subordinated  by  the  effects  of  a  purely  mechanical  arrange- 
'ment  (pp.  37,  127,  204),  depending  on  solubility. 

The  egregioUB  misconception  that  sulphuric  acid  is  shown  by  this  action  to  be 
"rtrooger"  than  hydrochloric  acid  was  disposed  of,  so  for  as  the  science  was  oon- 
eerned,  half  a  century  ago.  But  it  survives  in  suburban  chemical  circles  with 
remaiiable  tenacity.  Tlie  tact,  quaintly  enough,  is  that  real  relation  in  respect 
h>  activity  is  just  the  reverse. 

Other  Ways  0/  Obtaining  Hydrogen  Chloride,  —  Although 
never  used  for  generating  hydrogen  chloride  on  a  large  scale,  there  is 
another  important  kind  of  action  in  which  this  substance  is  a  product. 
When  water  acts  upon  the  chlorides  of  non-metallic  substances,  like 
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sulphur,  phosphorus,  aud  iodine,  a  double  deoompocdtion  (p.  20) 
occurs.  Since  water  is  always  one  of  the  interactii^  substaucea, 
this  kind  of  change,  —  a  doubla  deoompotitlon  InToIving  wat«r,  —  is 
called  hydrOlTsIi  (Gk.  v8up,  water,  and  X'itTK,  the  act  of  loosing). 
Thus,  when  a  little  water  is  added  to  one  of  the  chlorides  of  phos- 
phorus, hydrogen  chloride  is  formed.  Besides  this  substance,  the 
trichloride  ^ves  phosphorous  acid,  and  the  pentachloride,  phosphoric 
acid: 

PCI,  +  3H0H  -»3HC1  +  P(OH)j. 

PCU  +  4H,0  ->■  5HC1  +  HJO4. 

The  water  divides  into  the  radicals  H  and  OH,  and  the  former 

unites  with  the  more  active  non-metallic  element  in  the  substance 

(the  CI,  in  PCU)  and  tlie  hydroxy!  with  the  other  element. 

A  disBodation  is  a  reversible  deoompoatitHi  ot  one  subatanoe  into  two  or  more 
(p.  148).  Hydrolysis  is  an  ordinary  double  decompoation  or  metathuiB  whoe 
water  is  tme  of  the  reagents.  Yet  it  has  been  perversdy  named  bfdroljtio  dii- 
sodAtlon.  by  many  nrit^«.  A  whole  chapter  might  be  devoted  to  the  ingenuity 
with  which  chemieta  have  misnamed  many  of  the  things  with  which  they  deal. 
Perhaps  thia  tendency  is  a  survival  of  the  habit  the  tJchemistH  had  of  using 
obecurc  and  symbolical  names  lor  their  materials  to  prevent  the  penetration  of 
their  aecrels  by  uninitiated  seekdB  after  knowledge.  Important  facta  and  prin< 
ciplea  have  berai  sedulously  labeled  vith  misleading  titJee,  like :  Water  of  cryHtalli- 
tation,  which  has  no  more  to  do  with  crystalliEatJon  than  with  coltw,  density,  or 
any  other  physical  property;  supersaturated  solution,  which,  as  a  sdution,  is  the 
name  as  any  other;  mass  action,  which  has  nothing  to  do  with  mass,  but  is  coo- 
owned  wholly  with  concentration;  strong  acid,  which  refers  to  activity  and  not 
power  of  resistance;  reciprocal  proportions,  a  law  in  which  reciprocsls  of  numbera 
play  no  part;  downward  displacement  of  air,  when  the  air  is  displaced  upwards, 
and  so  forth.  Here  there  is  an  opportunity  to  confuse  hydrolyms  with  electrolytJO 
disociation,  and  the  beginner  never  fails  to  embrace  it,  Hydrolytic  double  de- 
composition would  have  been  a  correct,  if  somewhat  clumsy  term. 

Often,  when  a  steady  stream  of  hydrogen  chloride  is  required,  con- 
centrated hydrochk>ric  acid  is  placed  in  a  generating  flask,  and  concen- 
trated sulphuric  acid  is  allowed  to  trickle  into  it  from  a  dropping 
funnel.  The  hydrt^en  chloride  is  less  soluble  in  diluted  sulphuric 
acid  than  in  water  (see  Solubility  product)  and  escapes. 

Physical  Properties,  —  Hydrogen  chloride  is  a  coloriess  gw, 
which  produces  a  suffocating  effect  when  breathed. 

Density  (H  =  1),  18.23  Crit.  temp.,  +62° 

Weight  ot  22.4  I.,  36.73  g.  Boiling-point  (liq.),  -83.7° 

SolubiUty  in  Aq.  (0°),  50,300  vols,  in  100    Melting-point  (soUd),  -110* 
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The  gas  is  one-fourth  heavier  than  air.  On  account  of  ita  great 
solubility  and  the  small  vapor  tension  of  its  solution,  it  condenses  at- 
mospheric moisture  into  a  fog  of  drops  of  hydrochloric  acid.  Its 
extreme  solubility  may  be  shown  by  filling  a  dry  flask  (Fig,  86)  with 
the  gae.  The  "  dropper  "  cont^ns  water,  and  is  closed 
at  the  tip  with  soft  wax.  A  drop  of  water,  expelled  by 
pinching  the  "  dropper,"  dissolves  so  much  of  the  gas  I 
that  the  water  is  forced  in  by  atmospheric  pressure, 
like  a  fountain,  through  the  longer  tube.  On  account 
of  its  high  critical  pomt,  it  may  be  liquefied  by  pressure 
alone.  Both  in  the  gaseous  and  lique&ed  states  it  is  a 
nonconductor  of  electricity.  Its  heat  of  solution  (p. 
203)  is  17,400  calories. 

On  account  of  its  h^h  concentration,  the  solution 
may  be  looked  upon  as  a  mixture  of  liquefied  hydrogen 
chloride  and  water.  At  15"  tind  760  mm.  454.6  volumes 
of  the  gas  dissolve  in  1  volume  of  water,  or  746  g.  in  1  I. 
The  mixture  weighs  therefore  1746  g.  (42.7  per  cent  of 
HCI).  Its  sp.  gr.  is  1.215.  The  volume  of  the  solution  "™'  "" 
B  pven  by  the  proportion  1215  : 1  :  :  1746  :  x,  in  which  i  =  1.437  1. 
Hence  the  addition  of  454.6  liters  of  the  gas  has  increased  the  volume 
by  only  437  c.c.  Now  at  15°  the  sp.  gr.  of  liquefied  hydrogen  chlo- 
ride is  0.8320,  and  the  volume  of  746  g.  is  therefore  746  -i-  0.832  = 
896  C.C.  So  that,  even  if  the  substances  had  been  mixed  in  liquid 
form,  a  considerable  shrinkage  would  stiU  have  occurred  (1000  c.c. 
Aq  -I-  896  c.c.  liq.  HCI  ->  1437  c.c.  HCI,  Aq). 

When  the  amcentrated  aqueous  solution  is  heated,  it  is  the  gas  and 
not  the  water  which  is  driven  out,  for  the  most  part.  When  the  con- 
centration has  been  reduced  to  20.2  per  cent  the  rest  of  the  mixture 
distils  imchanged  at  110°.  This  occurs  because,  at  this  concentra- 
tion, the  gas  enters  into,  and  is  carried  off  in,  the  bubbles  of  steam  in 
the  same  proportion  in  which  it  is  present  in  the  liquid.  With  a 
concentration  above  20.2  per  cent,  more  hydrogen  chloride  enters  the 
bubbles,  with  one  below  20.2  per  cent,  more  water.  Hence,  if  a 
dilute  solution  is  used,  water  is  the  chief  product  of  distillation  (about 
100°),  but  gradually  the  boilii^-point  rises  and,  when  the  concentra- 
tion has  reached  20.2  per  cent  once  more,  the  same  hydrochloric  acid 
of  eoutant  bolllng-potnt  (1 10°  at  760  mm.),  as  it  is  called,  forms  the 
residue.  It  is  thus  impossible  to  separate  by  distillation  the  com- 
ponents of  mixtures  which  behave  in  this  way.  This  must  necessarily 
be  the  case  whenever,  as  here,  the  vapor  tendons  of  the  components 
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separately  and  thoee  of  all  other  mixtures  are  higher  (and  the  b.-pe. 
lower)  than  that  of  one  {>articular  mixture.  When,  as  is  more  often 
the  case,  one  of  the  components  haa  a  vapor  tension  which  is  lower 
than  that  of  the  other  and  lower  than  that  of  any  mixture  of  the  two, 
this  component  will  tend  to  remain  behind,  and  aeparation  can  be 
efTected.  The  separation  of  petroleum  products  (q.v.)  from  one  an- 
other illustrates  the  common  case  (see  under  Alcohol  for  the  third 
posability). 

The  compo^tiim  of  the  mixture  having  the  minimum  vapor  ten- 
sion varies  with  the  external  pressure,  and  so  does  the  boiling-point. 
At  300  nmi.  the  constant  boiling  liquid  contains  21.8  per  cent  of 
hydrogen  chloride  and  boils  at  84°;  at  1520  mm.  it  contains  19.1  per 
cent  of  the  gas. 

Tbe  ootiunon  belief  that  hydrochloric  acid  of  constant  boilioB-point  is  a  defi- 
nite oompoimd  IB  without  foundation.  Compounds  do  not  vary  in  oompodtitBt 
wit^  changes  in  pressure  in  this  manner.  Aqueous  BoliiUons  of  hydit^en  iodide, 
hydrogen  bromide,  and  nitric  acid  behave  in  tbe  same  way.  But  boIuUchib  of 
oxygen,  of  ammonia,  and  of  many  liquids  (e.g.,  methyl  alcohol)  in  water  belong 
to  the  sectmd  of  the  two  classes  mentioned  above,  and  tbe  more  volatile  com- 
ptment  oSten  leaves  tbe  water  entirely  before  much  of  tbe  latter  has  evE^mratod. 

Chemical  Propertiea.  —  Hydrogen  chloride  is  extremely  itsbl*, 
as  we  might  expect  from  the  vigor  with  which  the  elements  of  which  it 
is  composed  combine  (see  p.  222).  On  being  heated  to  a  temperature 
of  1800°  it  dissociates  into  its  constituents  to  a  slight  extent. 

In  the  chemical  point  of  view,  it  is  on  the  whole  rather  an  indif- 
ferent substance.  When  water  is  saturated  with  the  gas  at  —■22"  a 
hydrate  HCl,2HjO  crystallizes  out.  This  decomposes  into  the  same 
constituents  when  allowed  to  warm  up  again  to  — 18°.  Hydrogen 
chloride. (the  gas)  has  no  action  upon  any  of  the  non-metals,  such  as 
phosphorus,  carbon,  sulphur,  etc.  Many  of  the  metals,  however,  par- 
ticularly the  more  active  ones,  such  as  potassium,  sodium,  and  mag- 
nesium, decomiwse  it.  Hydrogen  is  set  free,  and  the  chloride  of 
the  metal  b  formed  (K  +  HCl  -»  KCl  +  H).  Hydrogen  chloride  ■ 
unites  directly  with  ammonia  gas  to  form  a  cloud  of  solid  particles  of 
anunonium  chloride  (HCl  -|-  NHj  — »  NH4CI),  The  liquefied  gas  has 
the  same  properties. 

Chemical  Properties  of  Hydrochloric  Acid.  —  The  solution 
of  hydrogen  chloride  in  water  is  an  entirely  different  substance  in  its 
chemical  behavior  from  hydrogen  chlotide.     It  is  stzonclj  «eld«  tum- 
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ing  blue  litmus  red.  The  gas  and  liquefied  gas  have  no  Buch  property. 
The  solution  ccmductB  elsctricltj,  as  we  have  seen  (p.  120),  vety  well, 
and  is  decompoeed  in  the  process,  giving  hydrogen  at  the  negative 
wire  and  chlorine  at  the  positive  wire; 

HCl  -*  H  (neg.  wire)  +  CI  (poa.  wire). 

The  gas  and  the  liquefied  gas  are  practically  nonconductors. 

The  mataU  preceding  hydrogen  in  the  order  of  activity  (p.  129), 
when  introduced  into  hydrochloric  acid,  dispUcs  tbs  hydrogsn  (p. 
IIS),  and  form  the  chloride  of  the  metal.  In  the  case  of  zinc  the 
action  was  represented  by  the  equation : 

Zn  +  2HCl-*ZnCl,  +  2H. 

The  liquefied  gas  has  no  action  upon  zinc,  and  even  its  solntiona  in 
many  other  solvents  show  little  activity.  The  solution  in  alcohol 
behaves  like  that  in  water.  But  the  solutions  in  toluene,  benzene,  and 
other  compounds  of  carbon  and  hydrogen,  in  many  of  which  the  gas  is 
freely  soluble,  are  hardly  afi'ected  by  the  presence  of  zinc  and  other 
metals.  These,  and  many  other  facts  which  we  shall  notice  later 
(see  Dissociation  in  solution),  show  that  the  condition  of  this  sub- 
stance in  aqueous  solution  is  peculiar. 

The  aquedus  solution  of  hydrogen  chloride  interacts  rapidly  with 
most  ocddM  and  hrdrozldH  of  mateb,  as,  for  example,  those  of  zinc: 

ZnO  +  2HC1  -^  ZnCIi  +  HjO. 
Zn(OH),  +  2HC1  -*  ZnClj  +  2H»0. 

Here  no  hydrogen  is  obtained,  since  the  oxygen  in  the  oxide,  and 
the  hydroxyl  in  the  hydroxide,  unite  with  it  to  form  water.  In  each 
case,  however,  the  chloride  of  the  metal  is  obtained.  It  may  be  noted 
in  passing  that  all  acids  behave  in  a  similar  manner  towards  oxides 
and  hydroxides,  giving  water  and  a  compound  corresponding  to  the 
chloride  (see  p.  218).  Dilute  sulphuric  add,  for  example,  gives 
sulphates. 

Modes  of  Preparing  Chlorides.  —  In  the  preceding  section 
three  kinds  of  actions,  each  constituting  a  different  vajr  of  obtaining 
ehlorldw,  have  been  mentioned  incidentally.  There  are  two  others. 
The  Bunplest  is  the  <^rect  union  of  the  element  with  chlorine  (Zn  + 
2C1— »ZnClj).  The  other  method  is  illustrated  in  the  case  of  the 
precipitation  of  falver  chloride  (p.  20),  by  adding  a  solution  of  a 
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chloride  to  a  'solution  of  silver  nitrate.  Here  the  formation  of  the 
chloride  occurred  by  exchange  of  another  radical  for  chlorine: 

AgNO,  +  NaCl  -*  AgCl  j  +  NaNO,. 

The  insoluble  chlorides  (see  p.  226)  can  be  made  conveniently  by  this 
plan.  The  formation  of  the  precipitates,  for  example  that  of  silver 
chloride,  is  used  as  a  twt  for  the  presence  of  a  soluble  chloride  in  the 
solution. 

Double  decompositions,  like  the  action  just  mentioned,  involving 
acids,  bases,  and  salts  (see  below),  are  all  reversible  reactions.  The 
fact  tlrnt  many  of  them  proceed,  nevertheless,  to  practical  completion 
has  ab^ady  been  ^cplmned  at  length  (p.  208). 

Uses  of  Hydrochloric  Acid.  —  This  substance  is  employed  ia 
cleaning  metals,  and  in  the  manufacture  of  chlorides  of  metals.  It 
is  an  important  component  of  the  gastric  juice  of  the  stomach, 
although  the  proportion  is  only  about  1  part  in  500. 

Pre<ApitaHon.  —  When  two  soluble  substances  are  dissolved, 
separately,  and  the  solutions  are  mixed,  chemical  interaction  fre- 
quently occurs,  as  in  the  case  of  salt  and  silver  nitrate  (see  also  p. 
209).  If  one  of  the  products  is  insoluble,  then  a  supersaturated 
solution  of  this  product  is  at  once  produced.  As  a  rule,  this  sub- 
stance almost  immediately  becomes  visible  as  a  fine  powder,  called  a 
precipitate,  suspended  in  the  liquid. 

file  insoluble  product  can  often  be  recognized  by  its  phydcal 
appearance,  and  so  this  sort  of  action  is  frequently  used  as  a  test  for 
one  of  the  original  substances.  Thus  precipitates  have  often  a 
distinctive  color.  Ag^n,  precipitates  which  are  colorless,  or  have  the 
same  color,  differ  in  appearance,  and  are  described  as  geladdnoiu, 
ourdr,  pulrarulent,  or  crTBtalllno.  In  the  first  two  cases,  the  precipi- 
tation is  so  sudden  that  there  is  not  time  for  crystals  to  be  formed, 
and  the  product  is  amorphous  (Gk.  a,  priv.;  fop^,  form).  Thus 
silver  chloride  is  curdy,  and  precipitated  sodium  chloride  (p.  208)  is 
crystalline. 

Salt*.  —  We  have  seen  that  an  acid  contains  hydrogen  as  a 
radical  (p.  117),  and  a  base  contains  the  radical  hydroxyl  OH  (p.  149). 
The  name  talts  is  ^ven  to  the  class  of  sutstances,  which  contain  a 
positive  and  a  negative  radical,  nelthar  of  wbioh  la  hydrogon  or 
brdrox;^    For  example,  NaCl,  Na^Ot,  AgNOi  are  Uie  formulie  of 
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salts.  They  are  so  named  because  they  resemble  common  salt,  in 
having  two  radicals,  and  entering  readily  into  double  decompo- 
sition. 

Sodium-hydrogen  sulphate  NaHSO^  is  classed  as  an  arid  ult, 
because  it  haa  a  positive  and  a  n^ative  radical,  and  a  hydn^en 
radical  in  addition. 

Chlobinb 

Chlorine  was  first  recognised  as  a  distinct  substance  by  Scheele 
(1774).  He  obt^ed  it  from  salt  by  means  of  manganese  dioxide, 
vmtg  the  common  method  described  below.  It  was  for  years  sup- 
pceed  to  be  a  compound  containing  oxygen,  until  Davy  (1809-1818) 
demonstrated  that  it  was  an  element. 

Occurrence,  —  Chlorine  does  not  occur  free  in  nature.  There 
are,  however,  many  compounds  of  it  to  be  found  in  the  mineral 
Idngdom.  Sea-water  contains  a  number  of  chlorides  in  solution. 
Nearly  2.8  of  the  3.6  per  cent  of  solid  matter  in  sea-water  is  sodium 
chloride  NaCl,  During  past  geolo^cal  ages  the  evaporation  of  sea- 
water  has  led  to  the  formation  of  immense  deposits  of  the  compounds 
usually  found  in  such  water.  Thus,  at  Stasefurt,  such  strata  att^n  a 
thickness  of  over  a  thousand  feet.  Certain  layers  of  these  strata  are 
composed  mainly  of  sodium  chloride,  called  by  the  mineralogist  lialite 
(rock  salt).  In  other  layers  potassium  chloride  (sylvite),  an  indis- 
pensable fertilizer,  and  hydrated  magnesium  chloride  (bischofite), 
and  other  compounds  of  chlorine,  occur. 

Preparation.  —  Chlorine  cannot  be  obt^ned  with  the  same 
ease  as  oxygen.  There  are  only  a  few  chlorides,  such  as  those  of  gold 
and  platinum,  which  lose  chlorine  when  heated,  and  they  are  too 
expensive  or  difficult  to  make  for  laboratory  use.  We  employ  there- 
fore methods  like  those  used  for  the  preparation  of  hydrogen  (cf. 
p.  122).  We  may  (1)  decompose  any  chloride  by  means  of  electricity, 
iustas,  togethydrt^en,  weelectrolyzedadiluteacid  (p.  120).  Or  (2) 
we  may  take  some  inexpenave  compound  of  chlorine,  such  as  hydro- 
gen chloride  HCI,  and  by  means  of  some  simple  substance  which  is 
capable  of  uniting  with  the  hydrogen,  — ■  here  oxygen  serves  the 
purpose,  —  secure  the  liberation  of  the  chlorine.  Or  (3)  —  and  this 
turns  out  to  be  the  most  convenient  laboratory  method  —  we  may 
use  a  more  complex  action. 
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Etectrolyais  of  ChUnidea.  —  Hydrogen  chloride  and  those  chlo- 
rides of  metals  which  are  soluble  in  water  are  all  decomposed  when  a 
current  of  electricity  is  passed  through  the  aqueous  solution.  They 
yield  chlorine  at  the  positive  electrode.  The  other  constituent,  the  hy- 
drogen (Fig.  87),  manganese,  or  whatever  it  may  be,  migrates  towards 
the  negative  wire.  To  decompose 
hydrochloric  acid  an  electromotive 
force  of  at  least  1.31  volts  is  re- 
quired. Since  the  chlorine  is  solu- 
ble in  water,  the  effervescence  due 
to  its  release  is  not  noticeable  un- 
til the  Uquid  round  the  electrode 
has  become  saturated  with  the  gaa: 
CI  (dslvd)  ^  CI  (gas).  The  shape 
of  the  apparatus  keeps  the  two 
products  from  mingling.  The 
presence  of  the  chlorine  in  the  ■ 
liquid  at  the  podtive  end  may  be 
shown  by  a  suitable  test  (pp.  89 
and  223). 

^''"  ^'  In  commerce  chlorine  is  now 

obtained  chieSy  by  this  method,  sodium  chloride  or  potassium 
chloride  being  the  source  of  the  element.  Electrodes  of  artifiaial 
graphite  are  used,  as  most  other  conductors  unite  with  the  chlorine. 
The  potasdum  or  sodium,  as  the  case  may  be,  travels  towards  the 
negative  electrode,  but  is  not  hberated.  Instead,  potassium  or  so- 
dium hydroxide  (q.v.)  accumulates  in  the  solution  round  the  plate  and 
hydrogen  escapes.  The  chlorine  is  released  at  the  positive  electrode,  as 
usual.  The  hydrogen,  the  hydroxide  and  the  chlorine  all  find  commer- 
cial applications.  The  chlorine  is  either  lique&cd  by  compreseion  in 
iron  cylinders  or  employed  at  once  for  making  bleaching  powder  iQ.v.). 

Action  of  Free  Oxygen  on  Chlorides.  —  Sodium  chloride  is 
the  cheapest  source  of  chlorine,  but  oxygen  does  not  interact  with  it 
even  at  a  high  temperature.  Hence  the  chlorine  must  first  be 
transferred  to  some  other  form  of  combination,  By  treating  the 
sodium  chloride  with  sulphuric  acid,  therefore,  the  chlorine  is  first 
transferred  into  combination  with  the  hydrogen  of  the  acid,  giving 
hydrogen  chloride  (p.  206).  In  order  to  liberate  chlorine  from  this 
compound,  we  may  combine  the  hydrogen  with  oxygen  obtained  from 
the  air:' 

2HCH-0j=iH,0  4-2C1.  " 

I      Mz,,!:,.,  Google 
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Tbe  two  gases  interact  so  slowly,  however,  that  a  coatact  agent  must 
be  employed.  The  mixture  of  air  and  hydn^en  chloride  is  passed 
over  pieces  of  heated  pumice-etone  or  broken  brick,  previously 
aaturated  with  cupric  chloride  solution  {Fig.  88).  A  temperature  of 
about  370°  is  used.  Furthermore,  the  action  is  reversible  (read  the 
equation  backwards)  and  equilib- 
rium is  reached  when  80  per  cent 
of  the  hydn^en  chloride  has  been 
decomposed.  Hence  20  per  cent 
of  this  gas  passes  on  unchanged.  Only  80  per  cent  of  the  hydrogen 
chloride  and  oxygen  are  changed  into  steam  and  chlorine,  because  the 
latter  substances  are  continuously  interacting  to  reproduce  hydrogen 
chloride  and  oxygen.  If  one  substance  (the  steam  or  the  chlorine) 
could  be  separated  from  the  other  (p.  208),  to  prevent  the  backward 
action,  the  yield  would  be  raised  to  100  per  cent.  But  even  a  very 
partial  separation  of  two  gases  requires  elaborate  apparatus  and 
complete  separation  is  practically  impos^ble.  ■  In  the  product,  there- 
fore, the  chlorine  is  mixed  with  steam,  aa  well  as  with  a  very  large 
volume  of  nitrogen  which  entered  with  the  oxygen,  so  that  for  making 
the  pure  substance  this  method  (Deacon's  ptocom)  is  quite  unsuitable. 
Bleaching  powder  iq.v.),  however,  can  be  made  by  this  process, 

Udng  the  some  principle,  magneeiuin  chloride  may  be  heated  in  o-stieom  of  bit, 
*hen  tbe  oxide  of  magDeaum  is  formed  and  chlorine  is  given  off;  MgCli  +  O  — ' 
U^  +  2C1.  The  oxide  of  magneBium  can  then  be  treated  with  hydrochloric 
add  to  regeoeiste  the  chloride,  which  in  turn  may  be  Bubjected  onoe  more  to  the 
■ction  of  oxygen.    Tbe  process  is  thus  a  continuous  one. 

The  above  action  is  spoken  of  as  an  oxidation.  It  is  true  that  no 
oxygen  is  actually  introduced  into  the  hydrogen  chloride  as  a  whole. 
Tbe  removal  of  hydrogen  from  combination  with  the  chlorine  is,  how- 
ever, the  first  step  towards  the  introduction  of  oxygen  into  combina- 
tion with  the  latter,  which  is  essentially  an  oxidation. 

Actian  of  Combined  Oxygen  upon  ChUnidea.  —  The  best 
laboratory  method  for  making  chlorine  is  to  place  some  solid  potas- 
sum  permanganate  in  a  flask,  arranged  hke  that  in  Fig.  89.  Con- 
centmted  hydrochloric  acid  (an  aqueous  solution  of  hydrogen  chloride) , 
diluted  with  one-third  of  its  volume  of  water,  is  allowed  to  fall  upon 
tte  compound  drop  by  drop  from  the  droppii^;  funnel.  The  action 
18  very  rapid,  the  acid  is  exhausted  almost  as  fast  aa  it  falls,  and  so  the 
Btream  of  gas  can  be  stopped  by  simply  closing  the  stopcock.    The 
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KMn04  +  8HCl- 


gse  is  passed  through  a  washing  bottle  contaimiig  water,  in  order  to 
remove  any  hydrogen  chloride  which  may  be  carried  over.  It  may 
be  dried,  if  necessary,  in  a  second  washing  bottle  containing  concen- 
trated sulphuric  acid.  It  cannot 
be  collected  over  water  on  ac- 
count of  its  solubility,  so  that 
jars  are  usually  filled  with  it  by 
upward  displacement  of  aJr. 
Skeleton:   KMnO,  +  HCl -*  H,0 

+  KCl  +  MnCU  +  CI. 
The  O4,  being  all  converted  into 
water,  requires  SH,  and  therefore 
8HC1,  for  the  action.  The  two 
metals,  potassium  and  manga- 
nese, give  thrar  cespective  chlo- 
rides, KCl  and  MnClj.  This  uses 
3C1,  and  hence  5C1  remains  over 
to  be  liberated: 
4H»0  +  KCl  -f-  MnCl,  +  6C1. 

The  combined  oxygen  of  the  permanganate  has  oxii^zed  the  hydro- 
gen chloride,  just  aa  did  the  free  oxygen  in  Deacon's  process. 

Other  Means  tif  Oxidiaing  Hydrogen  Chloride.  —  Many  . 
other  compounds  of  oxygen  with  metals  interact  with  hydrochloric 
acid  to  ^\e  free  chlorine.  Lead  dioxide  PbO*,  potasMum  chlorate 
KClOg,  potassium  dichromate  KtCrjOr,  and  manganese  dioxide 
MnO»,  are  of  this  nature.  The  last,  being  inexpensive,  is  commonly 
used  in  making  chlorine.  Being  an  insoluble  substance,  however, 
the  manganese  dioxide  acts  much  more  slowly  than  does  the  potassium 
permanganate,  which  la  soluble?  A  lai^  amount  of  the  materials, 
and  the  aid  of  heat,  are  required  to  secure  a  rapid  stream  of  chlorine. 

Manganese  Dutxide  and  Hydrogen  Chloride,  —  The  action 
of  manganese  dioxide  upon  hydrochloric  acid  is  an  instructive  one. 
It  is  a  general  rule,  of  which  we  shall  meet  many  applications,  that 
when  an  add  Interacts  with  an  oxide  of  a  metal,  there  are  two  con- 
stant features  in  the  result,  namely:  (1)  The  tajgnn  at  Uio  odd* 
oomMnea  with  tb«  hydrogen  of  the  acid  to  form  w*tsr,  mid  (2) 
Um  mvtal  of  the  oxide  oombinM  with  the  acid  radical  of  the  mM 
according  to  the  valences  of  each.    Here  the  skeleton  equation  should 
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be  MeO,  +  HCl  -*  H,d  +  MnCli-  With  Oj,  to  form  water,  4HC1  is 
required,  and  the  product  is  2HtO.    Hence  the  equation  ia 

BaUmced:  MnO.  +  4Ha -» 2H,0  +  MnCi*.     . 

This  is  what  happens  in  the  first  place.  The  products  actually 
obtAJned,  however,  are  water,  manganous  chloride  MnCli,  and 
chlorine.  The  manganese  tetrachloride  is  decomposed  by  the 
heating,  the  chlorine  escapes,  and  the  other  two  products  remain  in 
the  vessel. 

MnO,  +  4Ha  -♦  2H,0  +  MnCI,  +  2C1.  (1) 

We  owe  the  chlorine  to  the  fact  that  the  tetrachloride  is  unstable. 

When  the  mixture  is  suirounded  by  ioe  and  saturated  with  chlorine,  it  can  be 
■hown  that  it  ctxittuns  the  tetrachloride.  If  it  is  quickly  poured  into  water, 
hydiuted  manganeae  dioxide  is  precipitated  (Wacker).  The  decompodtion  ot 
the  tetrachloride  is  reveruble: 

MaCU  fcf  MnCl,  +  201, 

and  ia  driven  back  by  the  excess  of  chlorine.  The  tetrachloride  is  hydrolysed  1^ 
water: 

MnClt  +  2H(0  +  xHtO  ~*  MaOi,xH)0  +  4HC1. 

The  action  (1)  is  of  a  type  very  common  in  chemistry.  It  is  more 
compile  even  than  double  decomposition  (p.  20),  and,  unlike  this,  ite 
results  cannot  be  anticipated  by  guessing.  If  we  had  used  manganous 
osde  MnO,  we  should  have  had  a  double  decompodtion: 

MnO  +  2HCi  -*  H^  +  MnCl,,  (2) 

but  we  should  have  got  no  chlorine.  Perhaps  the  Amplest  way  to 
describe  the  difference  between  these  two  actions  ia  in  tenns  of  the 
valence  of  the  manganeae.  In  Mn'^Ox"  the  element  is  quadrivalent. 
This  means  that  its  atomic  weight  professes  to  be  able  to  hold  four 
atomic  weights  of  a  univalent  element.  The  four  valences  of  oxygen 
(20*^  can  do  the  same  thing.  In  equation  (1)  the  oxygen  fulfils  this 
promise  by  taking  4H'.  But  the  Mn"^  can  hold  only  2C1',  per- 
manently, and  lets  the  other  2C1'  go  free.  In  other  words,  the 
valerux  t^  the  atmnic  weight  of  manganese  changes  in  the  course  of  the 
action.  Inequation  (2),  on  the  other  hand,  the  manganese  is  bivalent 
to  start  viih  (Mn"CP),  and  ia  able  to  retain  the  amount  of  chlorine 
(2C1'}  equivalent  to  0".  Actions  like  that  of  mai^anese  dioxide  in 
(1)  are  classed  as  oxidations.    The  hydrogen  chloride,  or  rather  half 
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of  it,  is  oxidized.    A  graphic  mode  of  writing  may  make  this  remaric 

Mniv-^0  +  2HCI-»H^  +  Mn"  CI, 
^0  +  2HCi-»H,0  +  2Cl 

The  upper  half  is  a  double  decomposition,  the  lower  an  oxidation  by 
half  the  combined  oxygen  of  the  dioxide. 

In  practice,  instead  of  employing  aqueous  hydrochloric  acid  we 
frequently  use  the  materials  from  which  it  is  prepared,  namely,  com- 
mon salt  and  concentrated  sulphuric  acid  (p.  206),  along  with  the 
manganese  dioxide.  Under  those  circumstances,  the  action  appears 
more  complex,  but  is  simply  a  combination  of  the  two  chemical 
changes,  and  is  represented  by  the  equation: 

MqO,  +  2NaCl  +  3H^0,  -.  2H,0  +  2NaHS04  +  MnSO*  +  2C1. 

Kinetic- Molecular  View  of  these  Actions,  —  In  preparing 
chlorine  with  manganese  dioxide,  the  gas  is  produced  rather  slowly. 
The  ^tuation  is  that  we  have  placed  together  manganese  dioxide  in 
a  granular  fonn  and  water  which  contains  hydrc^en  chloride  in 
solution.  The  dioxide  is  very  insoluble  in  water,  and  consequently 
its  molecules,  which  must  dissolve  before  they  can  meet  the  acid, 
are  present  in  small  quantities:  MnOi  (solid)  ?±  MnOi  (dslvd).  The 
finer  the  pulverization,  and  the  larger  the  amount  of  the  oxide,  the 
leas  will  be  the  delay  from  this  cause.  On  the  other  band,  the  acid 
contains  originally  only  about  one  molecule  of  hydrogen  chloride  for 
every  five  of  water  and,  as  the  former  is  used  up,  the  scarcity  of  the 
active  substance  becomes  greater. 

Again,  we  heat  the  mixture  on  a  water  bath  so  as  to  hasten  the 
process  (p.  93)  by  raimng  the  temperature  to  about  90°.  When  we 
prepared  oxygen,  we  forced  the  temperature  up  with  a  naked  Bunsen 
fiame  until,  at  about  300°,  a  sufficiently  rapid  stream  of  the  gas  was 
secured.  The  iron  and  sulphur  (p.  16)  we  raised  neariy  to  a  l?ed  heat. 
Here  the  conditions  make  stronger  heating  impossible.  No  aqueous 
solution  of  hydrogen  chloride  can  be  raised  above  110",  the  maximum 
boiling-point  (p.  211).  But  we  must  not  carry  the  heating  so  far  as 
110°,  because  even  below  this  point  the  concentrated  acid  ^ves  off 
gaseous  hydrc^n  chloride  freely.  If  we  did,  we  should  contaminate 
our  chlorine  and  at  the  same  time  lose  a  part  of  one  of  the  ingre<Uenta 
on  which  the  action  depends.  Intelligent  chemical  work  always 
demands  a  careful  consideration  of  purely  physical  facts  of  this 
description. 
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On  the  other  hand,  when  potMSlum  pamungftnato  ii  amployod 
{p.  217),  the  chlorine  is  evolved  very  rapidly.  The  permanganate  ia 
fairly  soluble  in  the  cold  {6.5  :  100  Aq  at  15"),  and  becomes  rapidly 
more  soluble  as  the  heat  of  the  reaction  raises  the  temperature  of  the 
liquid.  Then,  too,  the  permanganate  is  a  more  active  oxidizing  agent, 
at  equal  concentrations,  than  is  mai^^anese  dioxide,  and  eo  attacks  the 
hydrochloric  acid  more  rapidly. 

Physical  Properties.  —  Chlorine  differs  from  the  gases  we  have 
encountered  so  far  in  having  a  strong  greenish-yellow  tint  (Gk. 
xAtipift,  pale  green),  a  fact  which  gave  rise  to  its  name,  and  having  a 
powerful,  irritating  effect  upon  the  inembranes  of  the  nose  and  throat. 

Density  (H  =  1),  35.79  Boiling-point  (liq.),  -33.6° 

Wdghtof  22.41.,  72.13  g.  Melting-point  (solid),  -KK" 

Sdubility  in  Aq  (20°),  21S  vola.  in  100       Yap.  tenidon  (liq.)  0°,  3.S6  atmoa. 
Ciit.  temp.,  +146°  V^.  tensioa  (liq.)  20°,  6.62  atmoa. 

Since  a  liter  of  air  weighs  1,293  g.,  chlorine  (wt,  1 1,,  3.22  g.)  is  two 
and  a  half  times  heavier.  In  solubility  it  stands  between  slightly 
soluble  gases,  like  oxygen  and  hydrogen,  and  those  which  are  ex- 
tremely soluble.  It  can  be  collected  over  hot  water  or  a  strong 
solutJOQ  of  salt. 

It  was  first  liquefied  by  Northmore  (1806),  The  critical  tempera- 
ture (p.  166)  is  exceptionally  high  (146°),  so  that  at  all  ordinary 
temperatures  the  gas  can  be  liquefied  by  compression  alone.  It  forms 
a  ydlow  liquid  which,  contained  in  steel  cylinders,  is  now  an  article  of 
conunerce.  On  being  cooled  below  —102",  it  ^ves  a  pale-yeUow 
solid. 

Chemical  Properties.  —  Chlorine  is  at  least  as  active  a  sub- 
stance as  is  oxygen.  It  presents  a  more  varied  array  of  chemical 
properties  than  does  that  element  (see  below).  The  binary  com- 
pounds are  called  chlorides. 

Combines  with  Metals.    Powdered  antimony  (cold),  when  thrown 
into  chlorine,  unites  with  it  to  form  the  chloride  SbCU,  which  appears 
partly  as  vapor  and  partly  as  glowing  particles. 
Balanced:  Sb  +  3C1  -» SbCU, 

Copper,  in  the  condition  of  thin  leaf  commonly  used  for  gilding 
(Dutch-metal),  catches  fire  when  thrust  into  the  gas,  ^ving  a  fog 
of  solid  cuprie  chloride  CuClj.  Sodium  bums  brilliantly,  giving 
a  iHond  of  sodium  chloride.    The  union  of  a  metal  like  sodium  and 
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a  colored,  irritating  gas  to  pve  a  mild  household  article,  like  common 
salt,  illustrates  the  extraordinary  nature  of  chemical  change.  All 
the  famihar  metals,  with  the  exceptions  of  gold  and  platinum,  com- 
bine readily  with  chlorine. 

When  metals  (like  copper  and  iron)  and  chlorine  are  first  thor- 
oughly freed  from  moisture,  combination  no  longer  occurs.  A  trace 
of  water  vapor  is  required  in  these,  as  it  is  in  many  other  chemical 
actions,  as  a  contact  agent.  Hence,  the  chlorine,  before  b^ng 
compressed  into  steel  cyhndera,  must  be  freed  entirely  from  water 
vapor  (see  Detinnii^). 

Combines  with  ByAngtia.  A  jet  of  bydn^en  bums  vigorously 
in  chlorine,  produdi^  hydrogen  chloride.  The  presence  of  this 
product  may  be  recognized  at  once,  because,  while  chlorine  in  contact 
with  moist  breath  gives  no  cloud,  hydrogen  chloride  {q.v.)  produces 
a  dense  fog.  The  union  of  the  gases,  when  a  mixture  of  them  is  kept 
cold  and  in  the  dark,  is  too  alow  to  be  perceived.  On  exposure  to 
diffused  light,  however,  they  unite  slowly,  while  a  sudden  flash  of 
sunlight  or  the  bumii^  of  a  magnesium  ribbon  causes  instant  explo- 
sion. The  function  of  the  light  here  is  enUrely  <UfFerent  from  that  in 
the  decomposition  of  silver  chloride  (p.  19).  In  the  latter  case  light 
was  used  to  maintain  the  change,  which  comes  to  a  stop  whenever  the 
light  is  withdrawn :  the  action  was  endothermal  and  consumed  energy. 
The  union  of  hydrogen  and  chlorine  is  highly  exothermal,  and  a 
minimum  of  light  only  is  needed  to  start  it  (pp.  94-95).  The  action 
of  the  light  is  catalytic. 

Interacts  with  Compounds  Containing  Hydrogsn.  When  a  lighted 
taper  is  plunged  into  chlorine  it  continues  to  bum,  but  a  dense  cloud 
of  soot  (free  carbon)  rises  from  the  flame.  Blowing  the  breath  into 
the  jar  then  gives  the  fog  which  shows  the  presence  of  hydrogen 
chloride.  Thus  the  presence  of  hydrogen  and  carbon  in  the  wax  is 
proved.  We  learn,  also,  that  chlorine  has  little  tendency  to  combine 
with  carbon,  for  this  element  goes  free.  A  few  drops  of  warm  turpen- 
tine, poured  upon  a  strip  of  paper,  when  placed  in  chlorine  pve  a 
violent  reaction  and  a  cloud  of  finely  divided  carbon  bursts  forth. 

C,oH«  -1-  16C1  -*  16HC1  +  IOC. 

Elsments  Displaced  by  Chlorine.  The  action  on  turpentine  is 
a  displacement  of  the  carbon  by  the  chlorine.  Of  the  same  nature 
is  the  action  of  chlorine  upon  potasaum  iodide  KI,  diy  or  in  solution. 

KH-C1-*KC1-|-I. 
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The  iodine,  when  moist,  is  deep  brown  in  color.    A  mere  trace  of 

chlorine,  liberating  a  trace  of  iodine,  gives  no  visible  eSect.     But 

if  some  starch  is  present,  even  a  trace  of  free  iodine  yields  a  deep 

blue  color.     This  reaction  is  used  as  a  t«st  for  chforine,  for  free 

,    todine  from  any  source,  and  for  starch  (p.  5).     To  test  for  chlorine, 

I   strips  of  filter  paper,  dipp^  in  starch  emulfoon  (starch  boiled  with 

much  water  and  cooled)  to  which  a  few  drops  of  potassium  iodide 

have  been  added,  are  used.    Combined  iodine,  as  in  potassium 

iodide,  has  no  effect  upon  starch.     Combined  chlorine,  as  in  sodium 

chloride,  has  no  action  upon  the  prepared  strips  of  paper  —  free 

chlorine  is  requy^. 

I        Action  iqwn  Water.      We  have   seen  that  chlorine  adzes   the 

I   hydrogen  in  turpentine.     We  have  also  learned  that  it  combines 

with  the  hydrogen  in  steam,  reversing  Deacon's  process  to  the  extent 

of  20  per  cent.     It  also  acts  upon  cold  watsr,  when  dissolved  in  the 

latter,  although  in  a  similarly  incomplete  way.     The  substances 

formed  are  hydrochloric  acid  and  bjpocblorous  add  HCIO: 

H,0  +  2C1  f±  HCl  +  HCIO. 

With  half-satuiated  chlorine-water  at  10°  —  that  is,  water  con- 
taining an  equal  volume  of  chlorine  gaa  —  33  per  cent  of  the  chlorine 
is  changed  into  the  acids.  When  one-fifth  saturated  (10°),  52  per 
cent  is  changed  into  the  acids,  and  when  one-tenth  saturated,  73  per 
cent  (Jakowkln).  The  percentages  become  greater  above  10°,  Thus, 
chlorine-water  (the  solution)  is  a  mixture  containing  dissolved 
chlorine  and  two  acids.  Hypochlorous  acid  (^.c.)  is  of  especial  interest 
because  it  is  a  very  active  substance,  with  powerful  oxidizing  qualities, 
md  bleaches  dyes  by  decomposing  them. 

The  action  comes   to  a  standstill  when  one-third   completed, 

because  the  two  acids  interact  to  reproduce  chlorine  and  water 

I  (read  the  equation  backwards).     The  action  is  reversible.     When 

the  solution  is  exposed  to  sunlight,  the  hypochlorous  add  decoui' 

poses  and  oxygen  gas  is  liberated  and  escapes: 

HC10-»HCH-0T. 

Since  this  removes  the  hypochlorous  acid,  on  whose  interaction  with 
the  hydrogen  chloride  the  reverse  action  depends,  the  forward  action 
pfoceeda  under  amtimums  iUuminaiion  gradually  to  amipUiion. 
Hence  the  aqueous  solution  of  chlorine  must  be  kept  in  the  dark, 
aince  otherwise,  after  a  time,  a  dilute  solution  of  hydrogen  chloride 
alone  remans. 
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The  reader  should  note  here  the  displacement  of  the  equilibrium, 
a  chemical  one  in  thia  case,  in  consequence  of  the  annulment  of  one 
of  the  opposii^  tendencies  (p.  170).  Through  the  destruction  of 
the  hypochlorous  acid,  one  of  the  tendencies,  namely,  that  repre- 
sented in  the  backward  action,  becomes  inoperative.  The  forward 
action  is  not  itself  assisted,  but  it  is  no  longw  impeded,  and  so  proceeds 
to  completion. 

"Hie  ao-colled  bleaching  action  of  "Rhlorine"  is  almost  always  the  result  of  oxi- 
dationtrf  the  coloring  matter  by  hypochlorous  acid  (7.11.).  Chlorine  and  the  dye  in 
the  cloth,  even,  when  only  moderately  dry,  ehow  po  tendency  to  intetaction.  Thia 
may  be  demonatrated  by  collecting  some  chorine  in  a  stoppered  bottJe  in  the 
bottom  of  which  a.  little  concentrated  sulphuric  scid  stands.  A  piece  of  colored 
calioo  may  be  att«ched  by  a  pin  to  a  coric  stuck  in  the  bottom  of  the  st^^per  and 
so  suspended  in  the  gas.  After  twenty-^oui  hours  no  action  will  be  found  to  have 
occurred.  Yet  if  the  rag  is  first  moistened,  the  bleaching  is  almoet  iostanlaneous. 
Hence  this  bleaching  action  is  treated  under  the  properties  of  hypochlorous  add. 

80-callwl  "Nascent  Oin«n-" — 'The  oxidising  action  of  dilorine-watcr 
is  commonly  attributed  to  "nascent  oxygen"  —  oxygen  in  the  state  of  being 
bom.  It  was  supposed  that  the  chlorine  preempted  the  hydn^en  <d  the  water, 
without  actually  combining  with  it,  and  so  left  the  oxygen  in  a  distracted  conditiMi 
in  which  it  was  more  active  than  free  oxygen!  But  sil  this  speculation  occurred 
before  we  knew  that  there  was  hypochlorous  acid  in  chlorinS'Water.  A  pine 
Bohition  of  this  add  performs  all  the  oxidations  thai,  chlorine-watet  can  bring 
^KHit.  So  that,  dnce  we  have  now  to  chooee  between  a  substance  we  know  to 
be  preeent,  and  to  be  perfectly  citable  of  doing  the  woric,  and  an  imaginary,  ill- 
defined  entity,  the  scientihc  method  naturaUy  donanda  that  we  attribute  the 
effect  to  the  Hubetance.  In  this  connecticat,  the  correct  name  for  "nsaoent 
oxygen"  is,  therefore,  hypochlorous  add. 

It  is,  in  any  caae,  time  that  the  term,  and  the  idea  of  "nascent  oi^gen" 
should  be  diminated  from  the  science.  This  material  is  imaginary  —  it  baa 
never  been  isolated  or  studied  quantitatively.  If  it  is  an  allotropic  form  of 
oxygen,  it  must  have  properties  and  a  d^rce  of  activity  t^t  can  be  defined 
quantitatively.  But  this  cannot  be  done,  because  it  has  not  always  the  sams 
activity.  Thus,  if  bU  oxidizing  agents  perforin  thdr  oxidizing  by  means  of  "na» 
cent  oxygen,"  it  is  ciuious  that  hyiMKhlorous  acid  oxidiies  hydrochloric  add 
instantly  and  easily,  while  hydrogen  peroxide  does  not,  also  that  chloric  add 
HOIO)  oxidizes  hydrochloric  add  rapidly,  while  perchloric  add  HClOi  docs  not. 
(For  explanation  of  oxidation  by  oxidizing  agents,  see  pp.  314,  321.)  If  we  mean 
that,  when  the  free  elements  are  not  present  and  yet  compounds  containing  thtm 
interact,  we  must  assume  that  the  elements  are  in  the  nascent  condition,  tboi  we 
should  be  consistent,  and  explain  the  action  <^  sulphuric  add  on  sodium  chloride 
as  being  due  to  nascent  chlorine  and  nascent  hydrogen  I  All  double  deoompoo- 
tions  would  demand  the  same  mode  o!  explanation!  Finally,  since  every  oxida- 
Uon  b  accompanied  by  a  reduction,  when  we  assmne  tJie  preeenoe  of  DAaeent 
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Q^geo,  to  be  CMiast«nt,  we  ought  to  assume  the  praenoe  of  naaoent  hydrogen 
ibo:  each  such  ease  mydlvee  a  twia  birth.    The  coaoeption  will  not  bear  careful 


Actum  hf  SubatitutioiL  When  actions  like  that  on  turpentine 
—  that  is  on  compounds  cont^nit^  carbon  and  hydrogen  —  are 
moderated  by  altering  the  conditions,  the  decomporation  is  not  so 
complete.  Usii^  a  lower  temperature  is  effective.  Thus,  if  methane 
CH4  (marsh-gaa),  the  chief  component  of  natural  gas,  is  mixed  with 
chlorine  and  exposed  to  sunlight,  a  slower  action  occuis,  of  which  the 
fint  stage  consists  in  the  removal  of  one  unit  wdght  of  hydrogen  and 
the  lobftltutUm  of  chlorine  for  it  according  to  the  following  equation: 

Ca  +  2C1  -♦  CHiCl  +  HCL 

The  process  may  continue  further  by  the  substitution*  of  chlorine 
for  the  units  of  hydrogen  one  by  one  until  carbon  tetrachloride  CC1« 
is  finally  formed. 

The  action  on  water  (previous  section)  is  a  substitution. 

CombinM  wtth  Non-nutals.  Phosphorus  bums  in  chlorine  with 
a  lather  feeble  light,  producing  primarily  phosphorus  trichloride 
PCIt,  a  liquid  (b.-p.  74°).  If  excess  of  chlorine  is  present,  then,  as 
the  trichloride  cools,  it  combines  to  form  the  solid  pentachloride 
PCU.  Sulphur,  when  heated,  unites  more  slowly,  giving  sulphur 
monochloride  SsCU,  a  liquid  used  in  vulcanizing  rubber.  Chlorine 
ioss  not  combine  directly  with  carbon,  nitrogen,  or  oxygen,  although 
compounds  with  those  dements  can  be  made  indirectly.  With  the 
helium  group  of  elements  {q.v.),  it  forms  no  compounds. 

CombinM  with  CompouiidB.  Chlorine  unites  with  many  com- 
pounds. Thus,  one  of  the  oxides  of  carbon,  carbon  monoxide  CO, 
vbeu  mixed  with  chlorine  and  exposed  to  sunlight  gives  drops  of  a 
volatile  liquid  (b.-p.  8.2")  known  as  pboaceiw  COCli. 

*  Snbttltution  resembles  diBplocement  (p.  18)  in  that  on  element  and  a 
Mi^KHiiid  interact,  and  the  element  takes  the  place  of  one  unit  in  the  oom- 
poation  of  the  latter.  In  the  above  action,  one  unit  of  chlorine  takes  the  place 
«( one  unit  of  hydrogen.  But  the  loiter  U  not  liberated;  it  c(»nbineB  with  another 
unit  of  chlwine.  The  action  reeemblee  double  deccnnpoaition,  excepting  that 
OK  of  the  Bubatancee  ia  not  a  compound,  but  a  diatomic  elem«it.  The  name 
oKd  a  intended  to  fix  the  attention  on  tbe  compmtnd  and  on  the  fact  that  one 
Unit  has  been  «uMituUd  for  another  in  it.  Ihis  ooncqttion  is  a  fav<Hit«  ono 
in  the  chemistry  of  oompounds  of  caibon. 
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When  chlorine-water  is  cooled  with  ice,  a  compound,  ohkrtiu 
bydnto  Cl,4HtO  crystallizes  out.  Faraday  (1823)  placed  this  9ub- 
Btaace  in  the  closed  limb  of  a  A-tube,  sealed  the  open  end,  and  placed 
the  empty  limb  in  ice  and  water  (Fig.  90).  When  the  hydrate  was 
gently  warmed,  chloiine  gas  was  given  off 
and  was  liquefied  by  its  own  pressun  in  the 
cold  part  of  the  tube. 


Chemietd  Relations  of  the  Element.' 

—  In  the  chlorides,  an  atomic  weight  of  chio- 
nne  is  equivalent  to  one  atomic  w^ght  of 
hydn^en  or  of  sodiimi.  The  element  is, 
therefore,  uninlent  (p.  131).  It  never  shows  any  higher  valence  than 
this  save  in  its  oxygen  compounds  (see  Chap.  XXIII).  The  oxides 
of  chlorine  interact  with  water  to  give  acids,  and  the  element  is, 
therefore,  to  be  classed  as  a  non-mstaUic  alMnent  (p.  ISO).  ■  It  be- 
longs to  that  KToap  of  the  non-metallic  elements  called  the  ludoffsni. 
as  a  conmderation  of  some  otheis  of  its  relations  will  show  (see  Chap- 
XIV  and  Periodic  syBtem). 

Uaea  of  Chl4»rine.  —  I^rge  quantities  of  chlorine  are  manu- 
factured for  the  preparation  of  bleaching  materials  and  difflnfecting 
agents.  In  djanfection,  the  minute  germs  of  disease  and  putrefaction 
are  acted  upon  by  the  hypochlorous  acid  formed  by  the  interaction 
of  chlorine  with  water,  and  instantly  thrir  life  is  destroyed. 

CMorides.  —  The  chlorides  are  described  individually  under  the 
other  element  which  each  contains.  The  majority  of  the  chlorides 
of  the  metals  are  eaaly  soluble  in  water.  The  only  familiar  exceptions 
are  mlver  chloride  AgCl,  mercurous  chloride  (calomel)  HgCl,  cuprous 
chloride  CuCl,  aurous  chloride  (one  of  the  chlorides  of  gold)  AuCl, 
thallous  chloride  TlCl,  and  ordinary  lead  chloride  FbCli.  The  last 
of  these  is  on  the  border  line  a^  regards  solubility.     An  appreciable 

*  In  MMCffdance  wiUi  the  distinction  that  must  be  drawn  (p.  23)  betweoi  Aa 
dement  aa  a  vari^  of  matter  in  combinatiwi,  and  the  elementary  substanoe  or  free 
tisrm  of  Uie  dement,  and  to  avoid  a  common  source  ot  coofusion,  we  shall  alwa3« 
giv«  only  the  bdiavior  of  the  demenlaiy  tttbttaaoe  under  the  title  chemical  proper- 
tU».  The  characterieticfl  which  distinguish  the  compoundt  of  the  element,  as  a 
daas  from,  or  relate  them  aa  a  class  to  the  compounds  of  other  danents  will  thai 
appear  in  a  separate  section  under  the  title  "chemical  rdations"  (see  Ch^.  XIV, 
first  section  and  Chap.  XXII,  Periodic  system,  fifth  section). 
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amount  dissolves  in  cold  water,  and  a  considerable  amount  in  boiling 
water.     For  the  various  modes  of  preparing  chlorides,  see  p.  213. 

ContpoMtion  of  Hydrogen  Chloride.  —  B^g  now  familiar 
with  both  hydrogen  and  chlorine,  we  may  take  up  the  proportions 
by  we^ht  in  which  they  combine,  and  also  the  proportions  by  volume 
in  which  the  constituents  unite,  and  the  relation  of  this  to  the  volume 
of  the  resulting  hydrogen  chloride. 

The  proportion  of  hydrc^en  to  chlorine  by  weight  in  this  com- 
pound is  1  :  35.18.  Taking  the  atomic  weight  of  hydrogen  1.008,  so 
as  to  harmonize  that  of  chlorine  with  0  =  16,  the  standard  scale  for 
atomic  weights,  the  ratio  becomes  1.008  ;  35.46. 

The  proportion  by  volume  in  which  the  constituents  unite,  and 
the  relation  of  this  to  the  volume  of  the  resulting  hydrogen  chloride, 
may  eaaly  be  shown  in  several  ways.     The  decomposition  of 
tile  solution  of  hydrogen  chloride  in  water 
by  means  of  the  electric  current  proves 
that  the    gases  are   liberated   in   equal 
volumes. 

The  apparatus  in  Fig.  44  (p.  120)  can- 
not be  used  to  show  this,  because,  under 
the  increasing  pressure  due  to  the  dis- 
placement of  the  liquid  into  the  higher 
bulb,  the  chlorine  becomes  more  and  more 
Boluble,  ajid  its  volume  therefore  falls  pro- 
gressively more  and  more  below  what  it 
should  be. 

Brownlee's  apparatus  for  demonstrat- 
ing this  is  shown  in  Fig.  91.  The  central 
part  is  the  sune  as  in  Fig.  44,  but,  when 
the  three-way  stopcock  is  closed,  the  gases 
go  to  right  and  left,  and  displace  the  liquid 
in  two  outside  tubes  (water  in  one  and 
chlorine-water  in  the  other).  The  equal 
rate  at  which  this  takes  place  on  both  ddes 
proves  that  the  gases  are  generated  in  equal 
Yolumea.  ^  "■ 

In  order  to  ascertain  the  relation  between  the  volumes  of  the 
constituents  and  thai  of  the  product,  we  may  unite  the  gases  and  find 
out  whether  any  change  in  volume  occurs.  A  tube  with  thick  walls 
(Fig.  92)  is  EUed  with  the  mixed  gases  obtained  by  dectrolyeis.    By 
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dippii^  one  end  of  the  tube  under  mercury  and  openit^  the  lower 
stopcock,  it  19  seen  that  no  gas  leaves  and  no  mercury  enters.  After 
the  mixture  has  been  exploded,  by  the  light  from  burning  magneaum, 
the  same  test  is  repeated  vith  the  same  result.  The  pres- 
sing has  therefore  remained  eqaal  to  that  of  the  atmosphere. 
Hence  there  has  been  no  change  in  volume  as  the  result  of 
the  union.  It  appears  therefore,  that: 
1  Tol.  bTdrogen  -f  1  voL  Qhlorlna  -^  2  toU.  hTdrogm  chloilde, 
a  result  in  harmony  with  Gay-Luasac'a  law  (p.  157). 

Another  way  of  demonHtrating  the  equaiity  in  the  Tolumee  <rf  the 
hydrogen  and  chlorine  ia  to  fill  a  wide  tube,  oloaed  at  each  end  by  a 
atopoook,  with  the  mixed  ptaee  arifdng  from  eleetrcdysifl  of  hydrmdiliMio 
acid.  When  the  air  has  been  entirely  diaplaoed,-  tiie  atopcocb  are 
cloeed.  The  geeea  which  the  tube  then  contains  are  present  very 
nearly  in  the  proportitms  in  which  they  are  liberated  from  the  decmn- 
poatioQ  of  the  substance.  By  introducing  a  small  amount  of  potassium 
iodide  Bolutitm,  the  chlorine  ia  removed  (KI  +  CI  — '  Kd  +1).  It  forms  potaa- 
num  chloride,  which  remains  dissolved  in  the  water,  and  free  iodine,  which  dis- 
eolves  in  the  exceai  of  potassium  iodide  solution.  Neither  product  is  gaseous 
under  the  circumstances,  so  that  the  volume  of  the  mixed  gases  diminishee  by 
the  amount  of  chlorine  removed.  If  the  stopcock  is  now  opened  under  wat«r,  the 
latter  enters  and  fills  half  the  length  of  the  tube.  The  remaining  gas  is  ea^y 
shown  to  be  hydrogen. 

To  show  that  the  vdume  of  the  hydrogen  chloride  is  twice  that  of  eithor 
constituent  in  the  free  condition,  an  alternative  method  ia  likewise  available. 
We  may  completely  fill  a  long  test-tube  with  hydrogen  chloride,  introduce  into  it 
quickly  some  sodium  dissolved  in  mercury,  and,  after  agitation,  open  the  closed 
tube  under  mercury.  The  sodium  gives  sodium  chloride  and  free  hydn^en,  and 
it  is  found  that  the  mercury  enters  so  as  to  fill  one-half  of  the  tube.  Since  from 
this  experiment  we  leam  that  the  hydrogen  occupies  half  the  space  of  the 
hydrogen  chloride,  and  from  the  previous  e:q>eTiment  we  know  that  the  vtdume 
of  hydrogen  is  equal  to  that  of  the  chlorine,  we  conclude  that  two  volumes  of 
mixed  hydrogen  and  chlorine  would  give  two  vohunes  of  hydrc^en  chloride. 

Claasijication  of  Chemical  Interactions  and  Exerciaea 
Thereon.  —  So  far  we  have  defined  ten  more  or  less  distinct  kinds 
of  chemical  change:  Combination  (p.  12),  decomposition  (p.  17), 
dluoclatlon  (p.  148),  dlapl&c«meiit  (p.  18),  subBtltuthm  (p.  225), 
double  decomposition  (p.  20),  h7drol;Bls  (p.  210),  oxld«tlaa  (pp. 
91, 217,  218),  nduotton  (pp.  92, 127),  and  oloctrolrBto  (p.  121).  In  one 
or  two  of  these  classes  all  the  actions  are  roranlble,  in  others  some  are 
reversible  and  some  are  not.    Illustrations  of  every  one  of  these  wiil  be 
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found  m  tbe  present  chapter.  The  classes  are  not  mutually  exclusive. 
Some  actions  belong  to  one  class  or  another  according  to  our  point 
of  view  at  tbe  moment.  The  ability  readily  to  classify '  each  phe- 
nomenon, as  it  comes  up,  requires  precisely  that  grasp  of  the  frame- 
work of  the  science  which  tbe  reader  must  seek  speedily  to  attain. 
For  example,  let  him  clasafy  the  following  actions:  1.  Action  of 
heat  on  cbloroplatiuic  acid;  2.  of  potassium  on  water;  3.  of  heat  on 
potasEdum  chlorate;  4.  of  cblonne  on  metals;  5.  of  chlorine  on  tur- 
pentine; 6.  of  chlorine  on  potaemum  iodide;  7.  of  ctilorine  on  meth- 
ane; 8.  of  carbon  monoxide  and  chlorine;  9.  of  sunlight  on  hypo- 
chlorous  acid;  10.  of  sulphuric  acid  on  salt;  11.  of  zinc  oxide  and 
hydrochloric  acid;   12.  of  zinc  on  hydrochloric  acid. 

13.  Expand  the  explanation  of  the  tendency  of  hydrogen  chloride 
to  fimie  in  moist  air  (p.  211). 

14.  Explain  the  interaction  of  steam  and  iron  (p.  128)  on  mechani- 
cal principles  ramilar  to  those  used  in  describing  how  hydrogen  chlo- 
ride is  formed  from  salt  and  sulphuric  acid  (p.  208). 

15.  In  the  interactions  of  potassium  permanganate  and  of  man- 
ganese dioxide,  respectively,  with  hydrochloric  acid,  what  fractions 
of  the  whole  chlorine  are  liberated?  What  are  the  commercial 
advantages  of  the  use  of  salt  and  sulphuric  acid  with  the  manganese 
dic«ide? 

16.  What  are  the  relative  volumes  of  tbe  gaseous  interacting 
substances  and  products  in  the  following  reactions:  (a)  turpentine 
rapor  and  chlorine;  (6)  methane  and  chlorine;  («)  phosphorus 
vapor  and  chlorine;  id)  carbon  monoxide  and  chlorine. 

17.  In  view  of  the  explanations  ^ven,  can  you  define  the  general 
nature  of  the  "other  substances"  (p.  218)  which  may  be  used  to 
oxidixe  hydrochloric  acid? 

SuHHAST  OP  FsiMCiPue 
It  DUjr  be  UB^ul  at  this  pcHnt  paTti&Ily  to  BummariK  the  principlee  (genera] 
iKta)  o(  chemifFtry  w  f &r  bb  they  have  been  developed  in  the  preceding  chAptere. 
These  principles  are  given  under  fourteen  heads  below.  They  are  stated  as  ffu' 
M  poosibk  Btrietly  in  teitos  of  facts,  since  hypotheses  are  not  integral  ptuts  of 
^Mtaietry,  but  are  scaffoldii^  temporarily  employed  to  facilitate  the  election  of 
tbe  structure  of  the  science.  In  a  later  copter  (Chap.  XV),  some  other  impor- 
tant principlee  will  be  summarized  in  like  manner.  To  secure  more  strictly  logical 
•nangement  than  has  seemed  advisable  in  the  text,  two  ooiiceptions  which  have 
abesdy  been  dealt  with  ere  held  over  to  the  seccHid  half  of  the  summary,  namely, 
n  (valence)  and  21  (idiemical  relations  of  dements).  The  reader  should  give  care- 
ful Ukou^t  to  the  various  points,  many  of  which,  in  a  backward  view,  will  be  found 


230  INORGANIC  CHEMISIHY 

to  have  become  aueoepUble  of  improved  atAtement.  We  be^  the  aeriea  with  the 
most  TundameDtal  fact  of  all,  —  the'<»e  without  which  no  chemical  work  would  be 
poeaible: 

1.  Each  substance  has  ita  own  aet  of  specific  physical  properties.  By  means 
of  these  it  is  rec<%meed  and,  when  neceeeary,  separated  from  other  eubstancee 
(p-3). 

2.  Subetancee  are  either  ample  (elementary),  containing  only  one  kind  of 
matter,  iv  compound,  containing  more  tiian  one  kind  of  matter  (p.  23). 

3.  In  all  chemical  actions  (excepting  "internal  rearrangemraitfl"],  changes 
in  tbe  material  composition  of  bodies  occur  (p.  21). 

4.  In  chemical  actions  there  is  no  change  in  tbe  total  mass  of  the  syston 
(p.  52). 

5.  Each  substance  has  a  definite  mat^'ial  composition  by  weight  (p.  54). 

6.  The  proportions  by  weight  in  which  all  chemical  combinations  take  place 
can  be  eitpreseed  in  terms  of  small  integral  multiples  of  fixed  numbera,  which  may 
be  called  combining  weights,  one  for  each  element.  That  weight  of  each  element 
which  combines  with  8  parts  of  oxygen  is  called  the  equivalent  weight  and  bas  the 
properties  of  a  oombining  weight  (pp.  61,  63). 

7.  The  proportions  by  volume  in  which  all  chemical  interactions  involving 
substances  in  the  gaseous  condition  take  place  are  expressible  by  small  integers 
(p.  157). 

8.  From  6  and  7  it  follows  that  the  equivalent  weights  c^  all  subetances  oo- 
cupy,  in  tbe  gaseous  condition  and  at  the  same  temperature  and  pressure,  volumes 
whicharedtherequat  or  stand  to  one  another  in  the  ratio  of  small  integers  (p.  158). 

9.  In  every  chemical  phenomenon  a  transformation  of  energy  occura.  This 
results  in  a  redistribution  of  the  internal  energy  in  the  Bubstsnces  concerned,  and 
also  in  an  increase  or  a  decrease  in  the  free  internal  enei^  in  the  system  (p.  35). 

10.  In  chemical  phenomena  there  is  no  actual  loss  or  gain,  but  only  tr&nsfiK' 
mation  of  energy  (p.  32) . 

11.  Interactions  which  proceed  qmntaneously  are  in  general  those  in  which 
the  free  energy  is  tranrformed  into  scHue  other  variety  or  varieties  lA  euHgy 
(p.  35). 

12.  Each  stAttanee  has  its  own  set  of  chemical  propertiee,  such  as: 

(a)  Affinity:  the  pven  substance  can  or  can  not  interact  with  such  and  such 
demaitary  and  compound  substances. 

(b)  Relative  activity  of  the  systems  in  (a).  This  is  measured  quantitaUvdy 
by:  (a)  Relative  speed  under  like  conditions  (see  13,  14,  18);  (fi)  Bdative  heat 
devdoped,  when  actions  compared  can  be  carried  out  so  that  all  oonditiona  are 
alike;  (7)  Relative  E.M.F.  of  cell  when  the  action  is  so  arranged  as  to  give 
electricity  (pp.  128,  98,  37). 

13.  The  Bpeed  of  every  interacticm  is  increased  by  raidng  the  temperature 
(p.  93). 

14.  l^e  speed  of  interactions  is  increased  or  decreased  by  catalytic  ag/axta, 
each  of  which  is  individual  in  tbe  kind  and  amount  of  its  effect  (p.  97). 
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CHAPTER  XII 

MoucnuB  vniffiTS  and  atomic  wnaHTS 

AvoGADRo's  law  (p.  163)  has  proved  to  be  by  far  the  most  sug- 
gestive and  fruitful  of  all  the  conceptions  developed  from  the  kinetic- 
molecular  theory.  We  are  now  in  a  position  to  discuss  several  of 
its  most  important  appUcations.  These  concern  more  particularly 
the  measurement  of  the  relative  wights  of  the  molecules  of  differeDt 
gaseous  substances,  and  the  determination  of  the  most  couverdent 
magnitudes  for  the  chemical  unit  weights  (atomic  weights;  <^.  p.  63). 

Maanmg  of  Avogadro'a  Hypothesis.  —  first,  we  must  under- 
stand clearly  what  is  impHed  in  the  statement  that:  In  equal  volumes 
of  sR  gases,  at  the  same  temperature  and  pressure,  there  are  equal 
numbers  of  molecules.  It  means  that,  for  instance,  at  100°  and  760 
mm.,  in  apecimeus  of  all  gases,  the  average  spacing  of  the  molecules 
is  identical.  This  condition  is  independent  of  the  nature  of  the  gas 
—  for  example,  whether  it  is  a  simple  or  a  compound  substance,  like 
oxygen  and  carbon  dioxide,  respectively,  or  a  mixture,  like  air.  It 
means  that  when,  at  some  fixed  temperature,  we  fill  the  same  vessel 
with  a  number  of  different  gases  or  gaseous  mixtures  successively, 
the  number  of  molecules  that  it  will  hold  at  a  pressure,  say,  of  one 
atmospheie  will  always  be  the  same.  If  we  take  care  to  keep  tempera- 
ture and  pressure  the  same,  the  equality  in  the  number  of  molecules 
that  will  enter  the  jar  will  take  care  of  itself  automatically.  In 
what  follows,  to  avoid  continual  repetition,  standard  conditions  (0° 
and  760  mm.)  are  assumed  unless  other  conditions  are  specifically 
mentioned. 

This  statement  would  be  tlriellj/  true  only  in  the  case  of  gaaee,  if  such  exiated, 
i^iich  bdi&ved  in  ide«l  accord  with  the  laws  of  Boyle  and  Charles.  Since,  how- 
ever, in  all  gases,  with  the  exoepUiMi  of  hydrogen,  a  certain  tendency  to  cohesion 
between  molecules  is  distinctly  noticeable  and  its  amount  varies  from  gas  to  gas, 
the  density  with  which  the  molecules  are  packed  b  not  prtcudy  the  same  in  any 
two  of  them  (p.  164).  Hence,  Avogadro's  law  b  not  perfectly  realized  in  any 
known  gases.  In  the  case  (rf  hydn^en,  for  example,  a  very  slight  divergence 
fn»n  the  behavior  of  an  ideal  pts  exists,  and  in  the  case  <rf  chlorine  it  anunrnts 
231 
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to  about  I)  per  cent,  and  ia  quite  oontfiicuoua.  Thia  sli^t  irregulaiitr  in  the 
padung  of  the  molecuke,  however,  doee  not  Interfere  with  the  ^plication  of 
this  law  in  chemistry. 

Tu>o  Kinds  of  Laws  in  Science.  — ■  It  will  have  been  observed 
that  the  laws  of  science  may  be  divided  into  two  kinds.  Some,  like 
those  of  coneervation  of  mass  and  of  definite  proportions,  «xpiiwi  tb* 
tftctt  with  pflit«ct  euotnau.  The  divergence  between  our  experi- 
mental data  and  these  laws  we  find  to  become  smaller  and  amaUer 
the  more  carefully  our  experiments  are  made.  The  difference  be- 
tween our  best  determinations  and  the  ideal  described  by  the  law, 
is  always  less  than  the  known  errors  of  observation.  There  is,  how- 
ever, a  second  class  of  laws  in  which  the  opposite  is  the  case.  The 
more  carefully  our  measurements  are  made,  the  more  clearly  is  it 
recognized  that  the  »9cand  kind  of  Uw  doM  not  itato  tlw  fact  wltli 
•nctiuu  tor  woj  aliigla  szampl*.  The  known  errors  of  measure- 
ment are  in  these  cases  less  than  the  discrepancy  between  the  ob- 
served fact  and  the  ideal.  The  laws  of  Boyle,  of  Charles,  and  of 
Gay-Luasac  are  examples  of  this  class.  The  value  of  such  laws  is 
not  impaired  by  the  fact  that  actual  substances  are  in  no  case  accu- 
rately described  by  them.  The  law  gives  us  a  norm  of  behavior  to 
which  moat  of  the  substances  conform  with  a  fair  degree  of  closeness. 
Such  a  law  resembles  a  limit  in  mathematics,  toward  which  some 
expression  tends  to  convei^  although  it  does  not  actually  reach  it. 
The  first  kind  of  law  represents  the  actual  behavior  of  materials,  the 
second  kind  of  law  an  average  behavior  to  which  no  one  material 
adherea  with  perfect  exactneaa. 

Now  Avogadro's  law  belongs  to  the  second  class.  No  known 
gasee  conform  to  it  with  perfect  strictness. 

MoLECiiLAH  Weights 
The  Relative  Weights  of  the  Molecules.  —  According  to  Avo- 
gadro's hypothesis,  vessels  of  equal  size  filled  with  different  gases 
contain  equal  numbers  of  gaseous  molecules.  Now  equal  volumes  of 
different  gases  differ  very  markedly  in  weight,  or,  in  other  words, 
the  densities  of  various  known  gases  cover  a  wide  range  of  values. 
Thus,  hydrogen  is  the  lightest  of  all,  chlorine  is  more  than  thirty- 
five  times,  mercuric  chloride  (corrosive  sublimate)  vapor  over  one 
hundred  and  thirty-four  times  as  heavy.  Since  these  different  wdghts 
of  equal  volumes  represent  the  weights  of  equal  numbers  of  mole- 
cules, the  difference  must  be  due  to  the  differing  weights  of  the 
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molecules  themselves.  The  dnuitlM  of  guM,  therefore,  nuj  b« 
taksn  u  m«anirM  of  the  ralatirs  vaigbti  of  tl»lr  individual  nudMulM. 
The  extreme  significance  of  this  inference  in  chemistry  will  appear 
as  we  elaborate  upon  it. 

The  various  scales  on  which  the  den^tieB  *  of  gases  may  be  cal- 
culated, such  as  the  weights  of  one  liter  of  each  gas,  or  the  weights 
of  volumes  equal  to  that  of  one  gram  of  air,  are  illustrated  ia  the 
first  two  columns  of  the  following  table: 


UK)    Mt   mm.  Aw  -  I. 


Hydrogen    .... 

O1TI8O     

Ctuoriite  .... 
Hydrogen  chloride 
C&rbon  dioxide 

Wster 

Mercury  .... 
Mercuric  chloride 


O.OW 
1.439 
3,It» 


D.0690 
1.105 
3.449 


2.016 
82.00 
70,  »2 
36.468 
44.00 
IS  016 
200.6 
271.52 
2S.gfi6 


The  values  for  water  (b.-p.  100°),  mercury  (b.-p.  367°),  and  mer- 
curic chloride  (b.-p.  305°)  are  measured  at  high  temperatures  and 
reduced  by  rule  (p.  110)  to  0°  and  760  mm.  All  the  numbeiB  in  the 
fiist  two  columns,  as  they  stand,  are  purely  physical  in  derivation. 
Those  in  the  second  column  are  obtained  from  those  in  the  first  by 
using  the  proportion: 

1.293  (wt.  1 1.  air)  :  1.00  (sir  =  1)  :  :  wt.  of  1 1.  any  gas  :  x 

(where  x  ™  dens,  of  that  gas  on  scale  air  =  1). 

The  last  column  will  be  explained  presently.  Since  the  numbers 
,  in  the  first  column  apply  to  equal  volumes  (1  1.),  and  those  in  the 
second  stand  in  constant  ratios  to  them,  the  weights  in  the  second 
column  represent  equal  volumes  also.  In  the  second,  the  volume 
is  ttJjs  1-     The  values  in  either  one  of  the  columns  represent  the 

•  To  speak  strictly,  tt«  density  of  a  gas  is  the  weight  of  1  c.c.  at  0°  and  760  mm. 
Ita  value  for  each  gas  is,  therefore,  obtained  by  dividing  the  numbers  in  the  first 
column  by  1000.  The  numbets  thus  obtained  are,  however,  inconveniently  small, 
ud,  besides,  the  b^inner  usually  measures  the  weight  of  a  liter  of  several  gasee  in 
the  laboratory,  and  so  is  more  accustomed  to  the  unit  employed  above. 

t  These  are  not  the  observed  weights.  The  values  have  been  corrected  for 
the  two  deviatitms  from  (he  laws  of  gases  ^p.  164-165). 
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rdative  w^ghtB  of  the  molecules  of  the  various  subBtanoes  (see 
Exercise  1  in  this  ciiapter). 

In  order  to  avoid  the  creation  of  uoneceesary  confuaiou  in  the  mind  of  the 
beginnef ,  the  weight?  of  one  lit«r  of  gas  in  the  ^love  table  are,  with  the  exeepliaa 
of  that  of  oxygen,  all  corrected  for  the  deviationfl  from  the  laws  of  Boyle  and 
,  Charlee  (p.  164).  This  enables  us  to  ahow  the  proccBB  by  which  the  molecular 
weights  are  derived  from  the  weights  erf  one  lit«r  without  the  exhibiticm  of 
arithmetical  discreptuitaes  which  might  obscure  the  principle  being  expbuned. 
The  woghts  of  one  liter  of  the  various  gases,  as  we  have  ^ven  them,  are  baaed 
on  the  assumption  that  the  molecules  are  always  packed  uniformly  in  accordance 
with  Avogadro's  hypothesie.  The  actual,  measured  values  are  in  most  cases 
somewhat  differml  from  these,  and  we  attribute  the  divergencies  to  the  varying 
degrees  of  cohesion  between  the  moleculra  of  different  substances.  Even  the 
weight  of  one  liter  of  the  same  gas,  after  reduction  to  0°  and  760  mm.,  is  found  to 
vary  with  the  temperature  and  preesure  at  which  it  was  examined.  This  is  but 
natural,  since  changes  in  these  conditions  dter  the  effects  of  coheeion.  The 
following  table  givee  the  actual  weights  of  one  liter  of  the  same  gases,  with  a  few 
additional  ones,  and  a  comparison  will  show  the  extent  of  the  divergendeB.  The 
most  interesting  case  perhaps  is  that  of  oxygen  and  hydrogen.  The  chemical 
combining  weights  of  these  substances  are  in  the  ratio  of  15.88  : 1.00,  while  a 
sli^t  excess  of  cohedtm  in  oxygen  gives  the  ratio  of  their  denaitiee  the  value 
15.90  : 1.00.    These  numbers  are  in  both  cases  based  upon  Mcwley'a  resulla. 


sJHr 

^n; 

"«4r 

Hydrogen 

Oxygen    

Nitrogen     

Chlorine      

Hydrogen  chloride  .   .   . 
Carbon  dioxide     .   .   .    . 
Hydrogen  sulphide  .  .   . 

Ammonia 

Sulphur  dioxide    .  .    .   . 

0,08987 

1.429 

1.2507 

3,220 

1.6398 

1.9768 

1.537 

0,7708 

2.9266 

0.8322 

8.87 

1.293 

0.0695 

1.105 

0.967 

2.490 

1.269 

1.529 

1.189 

0.597 

2.264 

0.643 

6.86 

1J» 

2.01 
SiM 

28.02 
72.01 
36.72 
44.28 
34.43 
17.27 
65.56 
18.63 
198.4 
28.955 

2.016 
83.00 

28.02 
70.92 
36.468 
44.00 
34.976 
17.034 
94.06 

Mercury      

200.6 
IMfcrtunsl 

Molecular  Weights.  —  The  foregoing  section  shows  that,  pro- 
vided a  substance  is  a  gas  or  can  be  volatilized,  the  relative  weight 
of  its  tDolecules,  compared  with  those  of  other  volatile  substances, 
can  be  ascertained.  To  save  words,  the.relative  weight  of  the  mole- 
cule of  a  substance  is  called  the  mcdocular  wciffht  of  the  Bubstance. 
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Since  the  abeolute  weights  of  molecules  cannot  be  accurately  de- 
termiued,  the  next  question  which  arises  is  as  to  the  choice  of  an 
appropriate  unit,  and  therefore  an  appropriate  scale  for  these  relative 
weights,  or  molecular  weights.  Now  the  numbers  already  given,  in 
the  first  two  columns  of  the  table,  are  purely  physical  data  and,  as 
they  stand,  lack  ctirect  relation  to  chemicaJ  facts.  A  set  of  chemical 
numbers  is  required  for  chemical  purposes.  We,  therefore,  proceed 
next  to  show  how  the  required  relation  between  the  relative  weights 
of  molecules  and  chemical  facts  can  be  established. 

Chemistry  deals  with  chemical  combination,  and  most  substances 
are  compounds.  If  we  fix  our  attention,  then,  first,  on  compound 
substances  and  their  molecules,  we  perceive  at  once  that  the  mole- 
cules of  a  compound  substance  must  contain  two  or  more  elements 
in  definite  proportions  by  weight.  Thus  the  molecule  of  the  com- 
pound will  cout^n  one  or^more  atoms  of  each  of  the  component  elements. 
This  conception  at  once  suggests  two  ideas.  In  the  first  plaCe,  since 
we  can  now  determine  the  relative  weights  of  molecules,  we  should 
fliso  somehow  be  able,  with  the  help  of  the  combining  proportions, 
to  determine  the  relative  weights  of  the  atoms  of  the  elements.  If 
iheae  relative  weights  of  atoms  are  properly  determined,  then  the 
weights  of  the  atoms,  when  added  together,  should  fpve  the  wdght 
<rf  the  molecule.  Thus  —  and  this  is  the  second  idea,  and  the  one 
lA  most  immediate  use  to  us  —  the  scale  for  relative  weights  of 
molecules  must  be  chosen  with  reference  to  the  scale  for  relative 
woghts  of  the  atoms,  so  that  the  former  weights  may  always  include 
tJie  latter.  That  is  to  say,  the  molecular  weights  must  be  based 
upon  the  equivalent  w«ght8  (p.  63).  This  means  that  the  scale 
must  be  such  that  no  molecule  of  a  compound  of  hydrogen  shall 
lecdve  a  value  so  small  that  the  proportion  of  hydrogen  in  it  is  leas 
than  1.008.  Furthermore,  since  the  atomic  weight  of  oxygen  is  the 
standard  for  combining  proportions,  it  is  desirable  to  use  this  aub- 
stwce  as  basis  of  the  scale  of  molecular  weights.  Now,  as  we  shall 
find  (see  p.  240),  it  turns  out  th^t,  to  avoid  obtaining  proportions 
of  hydrogen  less  than  unity,  we  are  compelled  to  take  the  scale  32 
for  the  molecular  weight  of  oxygen.  Our  chemicai  scale  of  daiaties 
u  therefore  calculated  to  the  scale,  donaitr  of  oxfgvii  =  Si.  This, 
then,  is  the  answer  tO"  the  problem  with  which  the  section  opened. 
The  third  column  of  the  table  (p.  233)  ^ows  the  results  of  re- 
calculating  the  densities  to  this  chemical  scale.  The  pronortiou 
used  is: 

Density  of  Ox.  :  Density  of  Substance  : ;  32  :  x. 
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Thus,  if  we  take  the  denmties  from  the  first  column,  the  value  for 
water  ia  found  by  the  proportion,  1.429  :  0.8046  :  :  32  :  a:  (=  18.016). 
That  is,  we  multiply  the  weight  of  a  liter  of  the  gas  by  32/1.429  to 
get  the  molecular  w^ght. 

Since  the  gram  is  the  unit  of  we^ht,  32  g.  of  oxj^sen,  or  18.016  g. 
of  water  is  called  the  Bram-molMuUr  wdght  of  the  substance.  It 
will  be  noted  that  32  g.  is  not  the  weight  of  a  molecule  of  oxygen. 
It  is  the  weight  of  a  very  large  number  of  molecules  of  oxygen  (see 
p.  238).  But,  whatever  that  number  of  molecules  of  oxygen  is, 
18.016  g.  of  water  contains  the  same  nuTtiber  of  molecules,  and  the 
other  weights  in  the  same  column  are  wights  of  numbers  of  mole* 
cules  equal  to  these.  The  tenn  gram-molecular  weight  being  some* 
what  ponderous,  we  abbreviate  it  to  mtdar  w^bt,  and  still  further 
to  mol«.  Thus,  a  mole  of  chlorine  is  70.92  g.  of  the  element,  and 
a  mole  of  hydrogen  chloride  is  36.468  g.  of  the  compoimd. 

When  the  above  method  of  calculating  the  molecular  noght  from  the  wei^t 
of  Mie  liter  of  a  substance  is  applital  to  the  actual  experimental  values,  the  result- 
ing mdeculai  weighto  neceSKuily  diverge  somewhat  from  the  ideal  ones  which  we 
have  given.  Thus,  since  a  lit«r  of  hydrogen  chloride  actually  weighs  1.6398,  this 
number  when  multiplied  by  32  and  divided  by  1.429  gives  the  vslue  36.72.  This 
is  because  the  tendency  to  cohesion  causes  1  liter  of  this  gas  to  contain  more 
molecules  than  doea  1  lit«r  of  oxygen.  Hie  mole  is  always  the  adjusted  molecular 
wei^t  and  not  the  observed  one. 

The    Gram-Molecular    {Molar)     Volumes     G.M.V.  —  Tbe 

weights  in  the  last  column  of  the  table  (p.  233)  must  represent  equal 
volumes  of  the  different  gases.  This  follows  from  the  fact  that  they 
are  derived  from  the  values  in  the  first  column  by  multiplyii^^  by  a 
constant  ratio  (32/1.429),  and  the  volume  in  the  first  column  is  always  ■ 
1  Uter.  The  actual  dimension  of  this  volume  is  evidently  32/1,429 
liters,  which  is  almost  exactly  22.39,  or  in  round  numbers  33.4  liton. 
This  volume  at  0"  and  760  mm.  holds  32  g.  of  oxygen,  70.92  g.  of 
chlorine,  44.00  g.  of  carbon  dioxide,  or,  in  fact,  the  molar  weight  of 
any  gaseous  substance.  It  is  called,  therefore,  the  gnm-nudMular 
Tolumv  (O.H.V.)  or  the  molar  volume.  It  may  be  defined  as  that 
v61um«  whioh  contaliu  one  md«  (fram-nudMsuUr  weight)  of  any  gaa 
at  0°MUl  760  mxa.  At  other  temperatures  and  pressures  the  G.M.V. 
has  correspondingly  different  volumes. 

The  G.M.V.  gives  us  a  concrete  conception  of  a  molar  w^gfat. 
This  volume  is  represented  by  a  cubical  wooden  box  (Rg.  83)  28.19 
cm.  (or  about  11.1  inches)  high,    like  any  other  vdume,  it  holds 
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identical  numbers  of  molecules  of  different  gases.*    Ita  capacity  at 
0°  and  760  mm.  is  the  number  of  molecules  in  32  g.  of  oxygen.    Hence, 
in  terms  of  molecules,  the  weight  of  any  gas  which  fills  it  bears  to 
32  g.  the  some  ratio  as  the  weight  of  a  mole- 
cute  of  that  gas  to  the  weight  of  a  molecule    .^-^  . ^ 

'  of  oxygen. 

Measurement  o/  Molar  WmghU  (Molea) .  gm.v. 

—  We  may  now  state  the  method  of  finding  tho  s"  litbm 

moUr  (Knun-molKUlar)  w«lcht  of  &  lubatuica 
thni:  Weiffk  »  known  Toltimtt  of  the  lubstanca, 
at  uiy  tempontun  «nd  prwaurs  at  which  it  is 
HMOOB,  nduco  thlB  rolmne  by  rul«  to  0°  and 
no  mm.,  and  oaleulate  br  proportion  tho  weight  of  93.4  lltvrs  (see 
Exerciaes  1,  2,  3,  4). 

That  qiuHititr  of  oaeh  Bubstanoo,  aimple  or  compound,  iriiloh  at 
ff  and  760  nun.  would  fill  the  O.H.V.  cube  la  the  unit  quantitr  of  the 
mliatauce  for  aH  theoretleal  purpoeea  in  chemistry.  It  represents  the 
relative  weight  of  the  molecules  of  the  substance.  We  shall  employ 
it  at  once  for  the  purpose  of  determining  the  rdaiwe  weighis  of  aioms, 
or  atomic  weights. 

It  is  evident  that  the  chemical  molecular  weights,  adjusted  so  aa  to  include 
whole  numboe  of  equivalent  weights,  will  not  all  occupy  eiactly  equal  volumw. 
Hiey  rcproecnt  exactly  equal  numberH  of  molecules,  and  the  slight  differences  in 
the  cloeeneflB  with  which  the  molecules  are  packed  (p.  234)  will  cause  the  values  ot 
the  molar  volumes  to  differ  from  gas  to  gas.  The  values  of  the  volume  actually 
eontaining  equal  numbers  of  molecules  ore  as  follows:  Hydrogen,  22.40;  oxygen, 
2.39;  mtrogen,  22.45;  chlorine,  22.01;  hydrogen  chloride,  22.23;  carbon 
(lioxide,  22.26;  water,  22.39;  mercury,  22.55.  The  average  value  of  this  volume 
in  the  caee  of  the  more  nearly  perfect  gases  is  22.4  liters,  and  this  is,  lierefore, 
the  numbo"  which  we  have  used  in  our  definition. 

*  A  oonunon  question  is:  Do  not  mdecules  of  different  substances  differ  in 
aw,  and  will  not  the  numbers  required  to  fill  the  G.M.V.  therefore  be  different? 
The  answer  is  that  the  molecules  are  all  so  small  compared  with  the  spaces 
between  them  (at  760  mm.)  that  the  distances  from  surface  to  surface  are  practi- 
cally the  BUDB  as  from  center  to  center.  A  G.M.V.  of  oxygen,  when  liquefied, 
ffvea  lees  than  32  c.c.  of  liquid  oxygen,  or  less  than  1/700  of  the  volume  as  gas. 
It  is  only  when  gases  are  so  severely  compressed  that  the  nearness  of  the  molecules 
to  oae  another  approaches  that  found  in  the  liquid  condition  that  the  effects  of  the 
huDc  of  the  molecules  become  conspicuous,  and  a  difference  in  the  behavior  of 
'  different  gases  becomes  noticeable.  But  in  the  kind  of  chemical  work  diecuesed  in 
this  chapter,  prGeBuree  over  one  atmosphere  are  not  used. 


Mz,,!:,.,  Google 


238  INORGANIC  CHEMISTRY 

The  Numher  of  Molecuies  in  a  Mole  or  in  22.4  lAtera.  — 

The  moleculiu-  wdght  or  mole  of  a  eubstance  is  not  the  weight  of  a 
aiagle  molecule.  It  is  only  the  relative  weight  of  the  molecule  of  the 
substaDce.  It  is,  however,  the  weight  in  grams  of  a  fixed  numijer 
'  of  molecules,  for  22.4  liters  (or  any  other  volume)  cont^ns  equal 
nmnbers  of  molecules  of  different  gases.  The  actual  number  baa 
been  determined.  Thus  Jean  Perrin  found  values  by  several  experi- 
mental methods  which  ranged  between  5.9  X  10"  (that  is,  59  fol- 
lowed by  22  ciphers)  and  6.9  X  10".  Rutherford,  using  an  entirely 
different  plan,  obtained  5.7  X  10^  for  the  gas  helium.  This  value 
was  obtained  by  observing  that  0.46  cubic  millimeters  of  helium 
(0°  and  760  mm.)  were  given  off  by  1  gram  of  radium  (9.11.)  every 
24  hours.  Now  the  molecules  of  helium,  when  they  strike  a  screen 
covered  with  zinc  sulphide,  produce  flashes  of  light.  By  counting 
the  flashes  appearing  in  a  certain  restricted  area  in  one  minute,  and 
multiplying  by  the  proper  factor,  to  get  the  total  number  knitted 
on  all  ddes  during  that  time,  and  further  multiplying  by  1440  min- 
utes (=  24  hours),  the  number  of  molecules  filling  0.46  c.  mm.  was 
obtained.  From  the  result,  the  numbers  in  1  c.c.  and  in  22.4  I.  were 
calculated.  The  value  at  present  accepted  as  most  accurate  is 
that  obt»ned  by  R.  A.  Millikan  of  the  University  of  Chicago,  by 
the  use  of  a  still  different  method,  namely  6.06  X  10"  (or  6060»i). 

Accepting  one  of  these  values,  e.g.,  that  of  Millikan,  we  can  evi- 
dently calculate  the  weight  of  a  sin^e  molecule  of  any  gaseous  or 
volatile  substance.  Thus,  a  ^ngle  molecule  of  oxygen  must  w^gh 
32/6.06  X  10"  g.,  or  5.3  X  lO"",  or  0.0«53  g. 

The  Chemical  Molecule.  —  It  will  be  noted  that  we  get  defi- 
nite, quantitative  information  about  individual  molecules  by  the 
study  of  gases.  We  shall  find,  later,  that  we  can  also  obtain  similar 
information  about  molecules  of  substances  in  dilute  solutions,  be- 
cause, in  that  condition,  the  molecules  are  separated  from  one  an- 
other and  scattered  throughout  a  considerable  space,  much  as  they 
are  in  gases  (p.  184).  Chemical  molMulea  are  tho  units  of  whlcb 
gaus,  «nd  bodies  in  dilute  solution,  ar«  tggngaltM.  'We  have 
means  of  comparing,  roughly,  at  least,  the  dimensions  of  the  physical 
units  in  gases  and  liquids,  and  find  that  in  the  hquid  state  the  mole- 
cules are  often  multiples  of  the  gaseous  ones  {cf.  water,  p,  202). 
The  gaseous  molecules  are,  therefore,  our  standard  in  chemiatiy. 

Many  authoia  discuss  the  breaking  up  of  a  solid,  like  salt  or  f^ass,  until 
particles  are  obtained  which  cannot  be  further  split.    They  uae   tJus  in  the 
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attempt  to  make  dear  that  there  is  a  limit  to  pulreiiiation,  reached  wbfa  the 
material  has  been  reduced  to  single  moleculee.  Now,  this  prooees  is  purely 
iinitginaiy,  aod  cannot  actuaDy  be  carried  out.  Chemistry  is  an  eiqierimental 
■dence,  and  only  the  real  experiments  which  lead  to  a  given  reeult  should  be 
described.  This  statement  about  pulverization  is  disingenuous,  to  s^  the  least, 
(or  there  are  no  facts  behind  it.  Aside  from  that  objection,  no  conditions  are 
usually  stated  that  would  prevent  one  from  dividing  the  molecules  into  atoms, 
and  the  atoms  into  electrons  and  positively  charged  nuclei  (see  Chap.  XXII). 
Since  the  procees  is  usually  Btat«d  to  be  imaginary,  there  is  no  particle  so  small 
but  that  one  can  imagine  it  bang  split  into  two,  or  even  twenty  parte,  and  there 
i»  thus  no  way  of  stopping  the  imaginary  spKtUi^  at  the  ri^t  pnnt.  An  active 
imagination  could  apht  salt  into  small  tractions  of  ctectrons,  although  we  have  no 
experimental  knowledge  of  the  existence  of  such  fragments.  The  imagination  is 
of  great  value  in  suggesting  poasibilities,  to  be  tested  experimentally,  but  it  camiot 
be  used,  alone,  for  ascertaining  facta,  and  it  is  crime  a^inst  Ote  spirit  of  true 
sdenoe  to  suggest  the  c<Hitrary  to  a  naturally  confiding  reader. 


Atomic  Weights 

Determination  cjf  the  Atomic  Weight  o§  £crch  ^^ment.  — 

If  the  paragraphs  dealing  with  combining  weights  are  now  re-read 
(pp.  61-63),  it  will  be  found  that  the  foundations  for  a  eyBtem  of 
w^hts  was  worked  out,  but  that  no  basis  for  definitely  fixing  the 
individual  values  was  discovered.  At  the  time,  the  only  informa- 
tion we  bad  was  obtained  by  analyzing  compounds  and  reasoning 
about  the  results,  and  evidently  something  more  was  needed  for  tbe 
absolute  detennination  of  the  values.  Thus  on  p.  66,  it  is  pointed 
out  that  the  equivalent  weight,  or  any  mvUijAe  of  it  by  an  integer, 
will  serve  for  expressing  the  proportions  used  by  the  element  in  com- 
bining with  other  elements.  We  are  now  approaehir^  the  question 
of  unite,  in  which  to  express  combining  proportions,  from  a  differejd 
viewpoint.  We  were  then  assigning  numbers  for  the  quantities  of 
tlte  constituent  elements  of  a  compound  (such  as  iron  :  oxygen  : : 
111.68  :48,  p.  13)  without  any  oonsidoration  of  tb«  macnltuds  of 
ths  total  wri^t  of  the  oonsUtuonU.  At  that  time,  we  had  no 
reason  before  us  to  indicate  that  this  total  might  require  conddera- 
tion.  Wa  now  start  bf  detorminlng  and  awlgntog  tbe  total  weight 
or  the  compound,  and  it  is  our  next  task  to  consider  the  aubdl- 
tUoq  of  this  total  uuongit  the  constituents.  Evidently,  if  tbe  uiut 
quantity  of  tbe  compound  has  been  properly  chosen,  it  must  be 
Bub-diviable  into  one  or  more  unit  quantities,  of  sqitable  dimen- 
^ona,  of  each  element  in  the  compound. 
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To  detennine  the  atomic  weights,  the  plan  of  procedure  is  per- 
fectly simple.  Id  the  preceding  section  we  settled  upon  the  chemical 
unit  quantity  of  each  substance.  This  is  the  quantity  which,  in  the 
gaseous  condition,  would  fill  the  G.M.V.  (22.4  hters)  at  0°  and  760 
mm.  Now,  we  seek  the  chemical  unit  quantities  of  the  elemenis 
combined  in  each  substance.  Evidently  the  logical  and  consistent 
plan  must  be  to  take  the  amount  of  each  substance  which  fills  the 
G.M.V.  and  find  out  how  much  of  each  element  present  is  contained 
in  this  unit  amount  of  the  substance.  In  other  words,  to  put  the 
matter  concretely,  we  ima^e  ourselves  filling  the  cube  (Fig.  93) 
with  one  compound  after  another,  and  in  each  case  determining  by 
anEilysis  the  weight  of  each  constituent  element  present  in  a  cube- 
full  of  the  subetence.  To  carry  out  this  plan,  two  experimental 
operations  are  necessary  with  each  substance: 

First  we  determine  the  density,  and  this  gives  us  the  gram-molec- 
ular weight,  i.e.,  the  amount  filling  the  cube.  This  shows  the  rela- 
tive weight  of  a  molecule  of  the  substance,  as  compared  with  that  of 
one  molecule  of  oxygen. 

Second  we  ana^ze  the  substance,  and  this  (pvee  us  the  quantity 
of  each  constituent  in  the  total  gram-molecular  weight,  i.e.,  in  the 
material  filling  the  cube.  This,  in  turn,  shows  the  weight  of  the 
quantity  of  each  element  present  in  each  molecule,  relative  to 
the  weight  of  a  molecule  of  oxygen. 

.  For  example,  the  cube  holds  36.468  g.  of  hydrogen  chloride,  and 
this  amount,  when  decomposed,  yields  1.008  g.*  of  hydrogen  and 
35.46  g.  of  chlorine. 

Finally,  to  detemune  the  best  unit  weight  for  a  given  element, 
we  repeat  the  two  foregoii^  operations  with  as  many  different  com- 
pounds of  the  element  as  possible,  and  then  we  examine  the  various 
quantities  of  the  element  found  in  the  G.M.V.  of  the  various  com- 
pounds. From  inspection  of  these  quantities  we  quickly  select  the 
value  of  which  all  are  multiples,  by  unity  or  some  integral  number. 
This  value  for  the  unit  weight  is  the  one  accepted  as  the  atomic 
weight.  This  is  the  weight  of  one  atom  of  the  element,  compared 
with  the  weight  of  a  moiecule  of  oxygen,  and  molecules  containing 

*  It  will  be  obserred  that  if  the  unit  for  molecular  weighte  had  been  Igbb  than 
the  number  of  molecules  in  32  g.  of  oxygen,  then  an  equal  number  of  molecules  of 
hydrogen  chloride  would  have  contained  less  than  1.008  g.  of  hydrog^i,  and  the 
atomic  weight  c^  this  element  would  then  have  heea  less  than  unity.  Tlmoiedr 
cally,  any  value  for  hydrc^n  would  serve  the  purpose,  but  there  are  anthmetical 
ctskvoiieiioee  in  having  one  value  in  the  list  dose  to  unity. 


.  ,i,z<,i:,.,  Google 


MOLECULAR  WEIGHTS  AND  ATOMIC  WEIGHTS 


more  than  this  proportion  contain  two,  three,  or  more  atoma  of  the 


For  example,  if  ve  are  seeking  the  atomic  weight  of  chlorine,  we 
set  down  the  result  for  hydrogen  chloride  just  given.  Then  we  take 
another  compound  of  chlorine,  say  phosphorus  oxychloride  (a  liquid). 
We  determine  the  weight  of  a  measured  volume  of  its  vapor,  at  a 
property  chosen  temperature  and  pressure,  and  the  result  gives  us,  by 
calculation,  the  molecular  weight,  viz.  153.38.  That  is,  153.38  g.  of 
the  substance  would  fill  the  cube,  if  it  could  be  kept  as  vapor  at  0° 
and  760  nmi.  And  this  amount  of  the  substance  contains  31  g.  of 
the  element  phosphorus,  16  g.  of  the  element  oxygen,  and  106.38  g. 
of  the  element  chlorine.  We  then  continue  the  processes  described,- 
Ufdng  all  the  volatile  compounds  of  chlorine.  The  involatile  com- 
pounds (like  common  salt)  must  be  set  aside,  for  they  cannot  be 
vaporized,  and  therefore  their  molecular  weights  cannot  be  deter- 
mined. When  we  have  studied  as  many  compounds  as  possible  in 
this  way,  we  find  that  there  are  different  quantities  of  chlorine  in 
our  list,  biU  they  are  all  integral  mvUiples  of  35.46  g.     In  phosphorus 


Hydrogen  chloride     .    .   . 
CMoriDe  dioxide         .    .    . 
Phosphorus  trichloride 
Phosphorus  ojtychloride  . 
Phospttoric  anhydride  .    . 

Phoephine     

Water 

Methane 

Acetylene      

Propane     

Formaldehyde 

Acetic  acid 

Mercuroufl  chloride   .   .   . 
Mercuric  chloride   .... 


■I-P 


oxychloride,  for  example,  the  quantity  was  106.38,  or  3  X  35.46. 
Hence  35.46  g.  can  be  taken  as  the  unit  quantity,  the  atomic  weight 
of  the  element  chlorine.    This  is  the  relative  weight  of  an  atom  of 
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chlorine,  as  compared  with  the  weight  of  a  molecule  of  axyg/ai,  when 
the  value  32  is  assigned  to  the  latter-* 

In  the  preceding  t«bl«  a  few  sampl«  TMUlti  at  tlu  proean  Jutt  out- 
lined are  given.  The  first  column  contfuns  the  molar  weight,  t^.,  Uie 
weight  of  the  substance  which  occupies  the  G.M.V.  cube.  In  the 
other  columns  are  entered  the  wights  of  the  various  elements  which 
together  make  up  the  total  molar  weight.  To  amplify  the  numbers, 
the  value  of  1  is  used  for  hydrogen,  instead  of  1.008, 

To  contain  similar  data  for  all  the  volatile  compounds  of  every 
known  element,  a  huge  table,  of  which  this  might  be  a  smaU  comer, 
would  be  required.  With  such  a  table  at  hand  the  atomic  w^gbt 
of  each  element  could  promptly  be  picked  out.  Thus,  in  the  carbon 
column  it  would  be  found  that  all  the  wights  of  carbon  were  either 
12  or  integral  multiples  of  12,  and  this  is  therefore  the  atomic  weight 
of  carbon.  Similariy  the  atomic  w«ght  of  oxygen  is  16,t  of  pfaoe- 
phorus  31,  of  mercury  200  (see  Exercise  4). 

When  the  atomic  weights  have  finally  been  selected,  we  can  go 
through  the  table  and  change  all  the  numbers  into  multiples  of  the 
chosen  atomic  weights.  Thus,  for  70.92  we  write  2  X  35.46,  and 
for  106.38  we  write  3  X  35.46,  and  so  forth.  The  reader  should  pre- 
pare such  a  modification  of  the  table.  With  this  new  form  (^  the 
table  before  us,  we  can,  finally,  replace  the  atomic  weights  by  the 
symbols  which  stand  for  them,  writing,  for  35.46,  CI,  for  2  X  35.46, 
CIs,  and  so  forth.  The  results  of  doing  this  in  each  line,  i.e.,  for 
each  substance,  arS  coll€cted  at  the  ends  of  the  lines  in  the  last  col- 
umn of  the  table.  The  reader  should  himself  repeat  the  substitu- 
tions of  the  symbols,  and  so  verify  the  formuIsB  given.  These 
formube,  since  they  are  based  on  the  molecular  weights,  in  such  a 
way  that  when  the  numerical  values  are  substituted  for  the  symbols 
the  total  restores  to  us  the  molecular  weight,  are  called  molecular 
fonnuln. 

The  mode  of  derivation  makes  all  the  quantities  of  any  one  ele- 
ment in  the  above  table  integral  multiples  of  the  smallest.  Of 
course,  an  element  might  be  found  of  which  no  volatile  compound 

*  It  should  be  noted  that  there  ie  anoth^  unit  quantity  of  chlcHine,  namely  the 
molecular  weight,  or  weiRht  of  the  G.M.V.  of  the  subtiance.  Thie  ia  the  unit 
quantity  of  free  chlorine.  But  we  are  dealing  now  with  compounds,  and  pn^mr- 
tioiiH  in  combination,  so  that  free,  uncombined  chlorine,  and  other  eJemeots  in 
free  condition  do  not  interest  us  at  present,  and  will  be  tak«i  up  lat«r. 

t  The  difference  bptween  the  unit  quantity  of  oxygen  in  compounds  (namdy, 
16)  and  the  unity  quimtity  of  free  oxj^en  (32)  will  be  disousBed  preeently. 
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eontuning  the  unit  we^ht  was  yet  known.  If  methane  and  formal- 
dehyde were  still  undiscovered,  and  only  the  other  three  compounds 
containing  carbon  were  available,  we  should  then  take  the  greatest 
common  measure  of  24  and  36,  namely  12,  as  the  unit. 

Tlta  "iifmiMi  unit  weight  or  atomic  welcbt  of  an  AlMUMit  may 
thus  be  defined  as:  The  Q.C.H.  (greatest  common  measure)  <d  tba 
wtdi^ts  of  that  alenMnt  found  in  Uis  molar  welchts  of  all  it*  Tolatil* 
BompoondB  ao  far  as  these  have  been  examined. 

Atomic  Weights  and  Equivalenta.  —  It  will  now  be  seen  why 
the  equivalents  (p.  63)  were  multiptied  by  various  integers  in 
making  the  chemical  units.  The  equivalent  of  carbon  was  3.  That 
is  to  say,  carbon  and  oxygen  combine  in  the  ratio  3  ;  8  (in  carbon 
dioxide),  imd  carbon  and  hydrogen  in  the  ratio  3  :  1.008  (in  methane). 
But  there  is  no  compound  of  carbon  whose  molecular  weight  con- 
tains less  than  12  parts  of  the  element.  It  would  thus  lead  to  need- 
less complication  to  take  3  as  the  unit  amount  of  carbon,  for  every 
molecule  would  then  contain  four  units,  or  some  multiple  of  four, 
and  every  formula  C*  or  some  multiple  of  C^.  We  choose  the  laigeet 
units  of  combining  wtight  that  we  can,  in  order  that  the  coefficients 
may  be  tbe  smallest  pos^ble,  and  the  resulting  foimulge  the  simplest 
pos»ble.  Naturally  the  actual  ratios  remain  the  same.  Thus,  for 
carbon  dioxide  the  ratio  3  :  8  is  replaced  by  12  :  32,  or  12  :  2  X  16, 
or  C  :  20,  which  has  the  same  value. 

Since  tbe  atomit  wolsht  La  thus  always  a  multiple  of  the  equivalent 
w^ht  (by  unity,  or  some  other  integer),  it  might  alio  be  defined  as: 
Tbe  Urgeit  integral  multiple  of  tbe  equivalent  which  ean  be  contaliaed 
in  the  molecular  weigbta  of  all  the  volatile  compounds  of  the  element. 
The  complete  list  of  accepted  atomic  weights  is  printed  on  the  inside 
of  the  cover  at'the  back  of  this  book. 

The  conclusion  that  C  =  12  is  the  most  convenient  value  is 
reached  also  by  studying  the  chemical  interactions  of  carbon  com- 
pounds. If  the  symbol  C  stood  for  three  parts  (the  equivalent)  of 
carbon,  methane  would  receive  the  formula  CH,  the  proportion  of 
ite  constituents  by  w^ght  being  3  of  carbon  and  1  of  hydrogen. 
But,  when  we  mix  this  gas  with  chlorine  and  expose  the  mbcture  to 
nmligbt,  no  less  than  four  different  compounds  are  produced  (cf.  p. 
225).  With  C  =  3,  their  formal*  would  be  C.H,C1,  CHCl,  CJICU, 
and  CCl,  the  carbon  being  univalent.  The  relations  of  these  sub- 
stances are  much  simphfied  when  wc  change  to  molecular  formulte 
and  substitute  C  =  12  for  Ci  =  12,  making  the  carbon  quadrivalent. 
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We  then  perceive  that  we  are  displatang  successively  the  four  hydro- 
gea  unita  in  one  molecule,  and  that  the  substances  are  CH4,  CHiCl, 
CHiCl»,  CHCU,  and  CCl*.  The  whole  prodigious  growth  of  the 
chemistryof  the  compounds  of  carbon,  which  has  taken  place  during 
the  last  half  century,  has  been  the  result  of  the  employment  of  tlus 
seemingly  slight  improvement  by  Gerhardt  and  Laurent,  and  by 
Williamson,  and  its  enforcement  and  extension  by  KekulS  and  Cou- 
per,  independently  of  one  another,  in  1868.  Thus,  quite  aside  from 
the  molecular  theory  and  Avogadro's  addition  to  it,  we  have  now 
found  ample  independent  justification  for  the  multiplication  of  the 
equivalents  by  iut^;ers  and  for  the  conception  of  valence  which 
lesulte  fitHQ  this. 

Further  Commenta  on  Atomic  Weight».  —  The  fact  that 
aH  the  numbers  in  any  one  column  of  the  table  (p.  241),  turn  out  to 
be  even  multiples  of  a  dngle  number  need  not  seem  mysterious. 
The  molecule  of  every  compound  contfuning  chlorine  must  contain 
one,  two,  three,  or  some  other  whole  number  of  chlorine  atoms,  for 
chlorine  atoms,  like  other  atoms,  do  not  furmsh  fractions  of  atoms 
in  any  cases  of  combination.  Now,  the  weight  of  chlorine  in  6O6O11 
atoms,  assuming  one  atom  of  chlorine  to  each  molecule  in  22.4  liters, 
must  be  35.46  g.  Hence,  if  the  weight  of  chlorine  in  22.4  liters 
(6060n  molecules)  of  the  compound  differs  from  35.46  g.,  it  can  do 
so  only  because  there  are  two  atoms  of  chlorine  per  molecule,  ^ving 
2  X  35.46  g.,  or  three  atoms  giving  3  X  35.46  g.  of  chlorine,  and  so 
forth.  Thus  the  quantities  of  chlorine  in  the  G.M.V.  of  aU,  com- 
pounds of  chlorine  must  be  multiples  of  35,46  by  unity  or  some 
other  int^er. 

It  is  hardly  necessary  to  add  that  the  atomic  weights,  found  as 
described  above,  are  equally  serviceable  in  expressing  the  compoa- 
tions  of  compounds  which  are  not  volatile.  The  atoms  in  non- 
volatile compounds  are  identical  in  properties  with  the  atoms  of  the 
same  elements  in  volatile  compounds.  If  an  element  gives  no  vola^ 
tile  compounds,  other  methods  of  fixing  its  atomic  weight  are  avail- 
able (see  Dulong  and  Petit's  law,  p.  245), 

Although  in  this  section,  as  well  as  elsewhere,  we  have  empha- 
sised the  fact  that  atoms  are  not  t^vided  into  parts,  this  must  not 
be  taken  to  mean  that  atoms  are  fncapable  of  being  broken  up.  It 
means  only  that  in  ordinary  chemical  changes,  the  atoms  combine 
and  separate  as  wholes.  Indeed,  we  now  know  that  the  atom  of 
radium  (^.v.)  gives  off  atoms  of  helium,  and  leaves  an  atom  of  lead, 
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and  that  the  atoms  of  one  or  two  other  elemepts  disintegraie  \a  a 
simikr  way.  Some  day  means  of  breaking  up  any  or  all  kinds  of 
atoms  may  be  diwovered. 

Advantages  of  Atomic  Weights,  —  Although  the  method  of 
selecting  atomic  weights  involves  rather  complex  reasoalng,  these 
waghts  repay  the  trouble,  because  they  represent  the  relative 
wdghts  of  the  atoms  themselves.  They  are  thus  much  more  val- 
uable in  helping  us  to  understand  chemical  behavior  and  in  enabling 
us  to  classify  the  phenomena  of  chemistry  than  would  be  any  other 
unite  of  freight  we  might  have  chosen.  The  following  are  some  of 
the  advantages  they  offer: 

1.  The  atomic  we^ht  of  an  element  has  but  one  value,  and  this 
value  is  definitely  determinable. 

2.  The  atomic  weight  of  an  element  has  a  valence  (p.  130),  while 
equivalents  are  equi-valent.  While  valence  is  a  helpful  conception 
in  all  branches  of  cbemistry,  organic  chemistry  is  especially  indebted 
to  the  conception  of  the  quadrivalence  of  carbon  for  much  of  its  de- 
velopment and  most  of  its  organisation.  The  full  illustration  of 
tias  point  is  beyond  the  limits  of  the  present  book. 

3.  The  periodic  system  iq.v.),  the  basis  of  a  plan  for  clasfflfying 
the  properties  of  all  chemical  substances,  is  founded  upon  the  atomic 
vei^ts. 

4.  Dulong  and  Petit's  law  is  based  upon  atomic  wrights.  This 
law  furnishes  also  an  alternative  means  of  determining  atomic  wights 
that  has  frequently  rendered  valuable  service,  and  on  this  account 
forms  the  subject  of  the  next  section. 

Dulong  and  Petit'a  Law,  an  Alternative  Means  of  Deter' 
nwung  Atomic  Weight*.  —  It  was  first  pointed  out  (1818)  by 
Mong  and  Petit,  of  the  Ecole  Polytechnique  in  Paris,  that  when 
the  otomlo  weights  of  tho  elamentt  wer»  multipUMl  by  th«  tp^olflc 
batti  of  the  ilmpla  lUbttanceB  In  the  solid  otmdltion,  the  pndaet* 
mre  lyprorimately  the  same  In  all  cmm.  In  other  words,  the  epe- 
a&D  h^ts  are  inversely  proportional  to  the  magnitudes  of  the  atomic 
weights.  The  table,  in  which  round  numbers  have  been  used  for 
tbe  atomic  weights,  shows  that  the  product  hes  usually  between  6 
and  7,  average  about  6.4: 
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Element. 

A^ 

Sp-Ht. 

uot. 

ElMMDt. 

Atomio 

Bi^Hl. 

Prnd- 

Lithium 

7 

.94 

IroQ 

56 

.112 

6-3 

Sodium      .   . 

•a 

.29 

6.7 

Zinc 

66-4 

.003 

6-1 

Magnesium  . 

«4a 

.245 

6.0 

Bromine  (Solid) 

80 

.084 

6-7 

Silicon    .  .   . 

(Yellow) 

31 

.19 

5.9 

Mercury 

(Solid) 

aoo 

.0335 

a.7 

Calcium     .   . 

40 

.170 

6.8 

jUranium    .       . 

■m 

.0276 

Another  way  of  expresEdng  this  law  will  ff.ve  it  greater  chemical 
sigtuficance.  The  speci&c  heats  are  the  amounts  of  heat  required  to 
raise  one  gram,  that  Ib  one  phyaical  unit,  of  each  element  through 
one  degree.  When  we  multiply  this  by  the  atomic  weight,  we 
obtain  the  amount  of  heat  required  to  raise  one  gram-atomic  weight 
of  the  element,  that  is,  one  chemical  unit,  throi^  one  degree.  The 
values  of  this  product  are  approximately  equal.  Since  there  are 
equal  numbers  of  atoms  in  one  gram-atomic  weight  of  each  element, 
'it  follows  that:  Iqiul  unounu  of  hMt  ralM  squal  numbttn  of  atomi  of 
all  alsmontt  in  tlu  solid  form  througb  Miual  intervals  of  tomparature. 

The  conspicuous  exceptions  occur  among  the  elemental  with  low  atomic 
weights  only.  The  producte  for  four  of  these,  the  atomic  wei^te  being  ^ven  in 
parentheses,  are  as  follows:  Glucinum  (9),  3.7;  boron  (11),  2.8;  carbon  (12),  1.7; 
and  mlicon  (28.4),  4.5.  JVirther  investigation  ehowe,  however,  that  in  the  case  of 
pieciaely  these  dem^its  the  value  found  tar  the  epedfie  heat  varies  yery  maikedly 
with  the  tempeiature  at  which  the  speufic  heat  is  meaamed.  Their  opeoifie  heata 
become  rapidly  greater  the  higher  the  temperature.  Thus  at  085°  the  spem^  beat 
of  the  diamond  (carbon)  is  0.45,  which  when  multiplied  by  the  atomic  wei^t 
gives  the  product  5,5.  So  that  even  the  exceptional  elemeota  tend  to  oome  into 
line  when  the  apcciJic  heat  is  measured  at  higher  temperatures  —  and  Dulong 
and  Petit'a  Btatement  does  not  limit  our  choice  to  any  one  temperature. 

It  will  be  seen  at  once  that  although  the  law  of  Dulong  and  Petit 
is  purely  empirical,  it  may  nevertheless  be  used  for  fixliic  the  atomk 
veifht  of  an  elcnunt  of  which  no  volatU*  compounds  vn  known.  We 
can  always  measure  the  equivalent  with  considerable  exactness,  and, 
when  this  has  been  multiplied  by  the  specific  heat  of  the  free  sub- 
stance, we  can  see  at  a  glance  what  integral  factor  will  raise  the 
product  to  the  neighborhood  of  6.4.  For  example,  analysis  shows  us 
that  in  calcium  chloride  the  proportion  of  chlorine  to  calcium,  using 
the  known  atomic  weight  of  chlorine  as  one  term  of  the  proportion, 
is  35.46  ;  20.     If  calcium  is  univalent,  20  is  its  atomic  wtigfat.     If  it 
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is  bivaleiit,  two  unite  of  chlorine  are  combined  with  40  parts  of  cal- 
cium, aad  40  is  its  atomic  weight.  If  it  is  trivalent,  three  units  of 
chlorine  are  united  with  60  parts  of  calcium,  etc.  All  we  leam  in 
reference  to  the  atomic  weight  of  calcium  from  this  analysis  is  that 
its  value  is  20  or  some  integral  multiple  of  20.  Nor  can  we  fix  the 
upper  limit,  for  we  are  unable  to  obtain  the  wdght  of  a  known 
volume  of  calcium  chloride  vapor  and  so  determine  the  molecular 
weight.  But  the  specific  heat  of  solid  calcium  beii^  0.170,  we  mul- 
tiply this  number  by  20,  and  get  the  product  3.4,  This  is  only  half 
large  enough,  bo  we  find  that  40  is  the  value  for  the  atomic  weight 
of  calcium.  The  product  is  then  6.8,  which  agrees  fairly  well  with 
the  average  for  other  elements.  We  decide,  therefore,  that  the 
symbol  Ca  shall  represent  forty  parts  by  weight.  The  formula  of 
oJdum  chloride  is  therefore  CaClj,  and  calcium  is  bivalent. 

It  nill  be  seoi  that  thw  does  not  supply  us  with  a  method  of  ascertaining 
diGoiieal  unit  wagbts  independently  of  any  chemical  experiment.  We  cannot 
measure  the  apecigc  heat  and  use  the  quotient  from  division  of  this  number  into 
6,4,  for  we  do  not  know  in  advance  that  the  product  for  the  element  will  have 
exactly  this  value.  It  may  be  below  6,  or  it  may  be  as  high  bb  7.  In  the  case  of 
calcium,  for  example,  6.4  -f-  0.17  -  37.65.  Now  37.65  ie  5  per  cent  below  the  real 
value  of  tbe  chemical  unit,  and  even  the  roughest  meaeurement  of  a  chemical 
combining  weight  need  never  be  more  than  1-per  cent  in  error.  Hence  the  atomic 
weight  must  be  founded  upon  the  dcterroination  of  the  equivalent,  which  can 
be  measured  with  accuracy.  The  rule  discussed  in  this  section  can  be  uaed  only 
to  ssonrtain  what  multiple  of  the  equivalent  shall  be  accepted  as  the  atomic  weight 
■ftCT  the  equivalent  itself  has  been  measured  with  care.  In  other  words,  this  is  a 
method  of  adjusting  the  result  of  chemical  experimentation,  and  cannot  supersede 
it  alt<%ether. 

The  existence  of  the  law  of  Dulong  and  Petit  and  the  periodic  law,  together 
with  the  sauces  of  structural  forroulffi  to  organic  chemistry,  all  demonstrate  that 
atomic  weights  are  of  vastly  greater  significance  in  the  science  than  are  equivalent 
wdghta.  And  there  are  other  immense  ranges  ot  facts,  aside  from  those  covered 
hj  tliese  conceptions,  which  are  all  dependent  upon  the  atomic  weights.  That 
almost  the  whcJe  systematisation  that  has  been  secured  in  chemistry  should  thus 
center  in  this  one  point,  fumishee  the  strongest  circumstantial  evidence  that 
Avogadro's  law  is  in  accord  with  the  facts.  This  independent  inductive  evidence 
in  favor  of  Avogadro's  principle  is  especially  worth  noting  because  the  deduction 
of  the  principle  from  the  data  of  the  kinetic-molecular  theory  is  not  absolutely 
li^d.  It  involves  ccit^n  assumptions  which,  wlule  they  are  plauMble  enough, 
are  still  assumptions. 

Historical.  —  The  idea  that  matter  is  composed  of  small  par- 
ticles is  a  very  ancieat  one.    Not  even  Driton  (1805),  however, 
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although  he  used  this  conception  continually  bb  a  means  of  thou^t 
about  chemical  and  physical  phenomena,  made  any  distinction  be- 
tween atoms  and  molecules.  This  distinction  was  introduced  later 
by  Avogadro  (1811).  Yet,  without  this  refinement,  continual 
thought  of  the  behavior  of  matter  aa  consisting  in  transactions  be- 
tween small  particles  led  Dalton  to  see  that  it  was  probable  that 
individual  unit  weights  for  each  element  must  exist.  The  discovery 
that  they  did  exist  soon  followed.  The  numbers  which  Dalton 
actually  gave  out,  aside  from  the  considerable  experimental  inaccu- 
racies attached  to  them,  were  often  equivalents  and  not  modem 
atomic  weights.  It  was  after  the  publication  of  Dalton's  ideas  that 
Gay-Lussao  discovered  the  law  of  combining  volumes  (1808),  and 
until  this  law  was  discovered  there  was  no  criterion  for  fixii^  the 
values  of  the  atomic  wights.  Gay-Lussac,  at  the  end  of  his  paper, 
pointed  out  that  his  discovery  formed  an  important  confirmation 
of  Dalton's  views.  Strange  to  say,  Dalton  himself  refused  to  accept 
Gay-Lussac's  law,  and  so  rejected  the  very  means  by  which  his  own 
principle  of  chemical  unit  weights  came  eventually  to  be  acknowl- 
edged as  one  of  the  foundation  stones  of  the  science.  On  the  other 
hand,  Dalton's  fellow  countrymen  and  contemporaries  accepted  the 
principle  of  unit  weights,  but  rejected  the  atomic  hypothesis  by  the 
help  of  which  Dalton  had  reached  them!  Thus  Sir  Humphry  Davy 
called  them  "proportions"  instead  of  atomic  we^ts,  and  Wollaston 
preferred  the  word  "equivalents." 

Gerhardt  and  Laurent,  and  Williamson  used  Avc^^adro's  law 
long  before  1868,  and  employed  correct  atomic  weights,  so  far  as 
the  elements  possessed  volatile  compoimds.  But  there  was  much 
<Ufference  of  opinion  about  the  best  atomic  weights  for  the  other 
elements,  and  some  difference  even  in  regard  to  elements  like  oxygen. 
Thus,  many  still  wrote  the  formula  of  water  HO,  where  0  =  8.  It 
was  only  after  Cannizzaro  (135S)  demonstrated  the  value  of  Duloi^ 
and  Petit's  law  (discovered  forty  years  before)  for  settling  the 
atomic  weights  of  elements,  like  calcium  and  iron,  which  gave  no 
easily  volatile  compounds,  that  rapid  progress  towards  complete 
agreement  was  made. 

Many  chemists  have  contributed  to  the  determination  and  revi- 
sion  of  the  atomic  weights.  The  Swedish  chemist,  Berzelius,  devoted 
many  years  to  the  accurate  measurement  of  combining  proportions. 
Stas,  a  Belgian  (1860-1870),  made  a  number  of  determinations 
with  great  exactness.  Morley's  (1895)  value  for  combining  propor- 
of  hydn^en  and  oxygen  alone  represented  twelve  yeais  erf 
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work.    T.  W.  Bicbarda  of  Harvard  Univerdty  has  carried  many  of 
the  values  to  a  higher  d^jee  of  accuracy. 

Molecular  Foruula 

Molecular  Formulee  qf  Compoundg.  —  If  the  molar  formulte 
m  the  table  (p.  241)  be  examined  it  will  be  observed  that  several  are 
not  in  their  Amplest  terms.  Thus,  the  formula  of  acetylene  is  CiH:. 
The  formula  CH  would  represent  the  composition  of  the  substance 
equally  well,  for  12  :  1  is  the  same  as  24  :  2.  But  the  formula  CH 
gives  a  total  of  only  13,  while  C]Hi  shows  the  total  weight  of  the 
molecule  to  be  26  and  records  for  us  therefore  the  weight  of  the  G.M.  V., 
as  well  as  the  composition  of  the  substance.  We  shall  find  this 
additional  property,  peculiar  to  the  molecular  formula,  to  be  a  feature 
of  the  greatest  practical  value.  Some  of  the  practical  uses  of  this 
improvement  in  our  formulae  will  be  illustrated  in  this  chapter,  and 
there  is  an  example  of  one  of  them  in  the  table  itself.  Thus,  the 
molecular  formula  of  acetic  acid  is  CjHtOt,  and  not  the  simpler, 
identical  proportion  CHiO.  The  latter  is  the  molecular  formula  of 
a  totally  different  substance,  formaldehyde,  now  much  used  as  a  dis- 
infectant. The  vapor  of  this  substance  has  only  half  the  density  of 
acetic  add  vapor,  and  this  fact,  recorded  in  the  formula,  helps  to  re- 
mind us  that  the  substances  are  different.  Still  another  substance  of 
the  same  comporation  is  grape  sugar  (dextrose),  C«HiiO«.  In  addi- 
tion to  this  and  other  practical  advantages,  molecular  formulea  sat- 
isfy also  the  claim  of  lo^cal  consistence.  If  the  ^mbols  represent 
the  atomic  weights,  the  fonmUie  should  be  couatruoted  so  as  to  rep- 
t^sent  the  molecular  weights. 

Molecular  formuls  like  GjHi  and  C1H4O1  are  eaaly  interpreted 
in  terms  of  the  atomic  hypotheaa.  C  represents  one  atom  of  carbon, 
and  H  one  at,(»n  of  hydrogen.  But  there  is  no  reason  why  a  mole- 
cule of  acetylene  should  not  contain  two  atoms  of  each  kind.  Simi- 
luly,  the  molecule  of  formaldehyde  contains  four  atoms  (CHjO), 
and  CHie  of  acetic  acid  eight  atoms  (C1H4O1),  and  one  of  dexbrose 
twenty-Jour  atoms  (C«HuO«),  although  the  relative  numbers  of  each 
'  land  are  the  same.  Indeed,  this  hypothesis  helps  to  clear  the  matter 
up,  for  chemists  go  so  far  as  to  account  for  the  chemical  behavior  of 
the  Bubetances  by  an  imagined  geometrical  arrangement  of  the 
atoms  in  their  molecules,  and  these  three  kinds  of  molecules  are 
supposed  to  differ  in  structure  as  well  as  in  the  number  of  atoms  they 
oontain. 
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The  Molecular  Weights  and  Formuhe  qf  Elementary  Sub- 
stances. —  The  following  table  ^ves  the  densities  of  aome  ele- 
mentary substances,  including  those  of  which  the  substances  last 
discussed  are  compounds.  The  first  column  shows  the  at^imc 
weight,  which  in  each  case  is  the  mipimum  weight  of  the  element 
found  in  a  G.M.V.  of  any  compound.     For  example,  16  g.  of  oxygen 


^^.■ 

16.00 

O 

32.00 

35.46 

CI 

70.92 

31.0 

P 

124.0 

200,6 

Hg 

200.6 

16.00 

48.00 

112.4 

Cd 

112.4 

39.10 

K 

39.10 

23.00 

Na 

23.00 

66.37 

Zn 

65.37 

Dtadty  Fac- 


Hvfuogen    . 
CDlorinc 
Phosphorua 
Mercury 

Cadmium  . 
Potsasium  , 
Sodium    .   . 


2X16.00 
2X1.00S 
2X35.46 
4X31.0 
1X200.6 
3X16.00 
1X112,4 
1X39.10 
1X23.00 
1X65.37 


and  35.46  g.  of  chlorine  are  the  weights  in  the  amounts  of  water 
vapor  and  hydrogen  chloride,  respectively,  which  fill  the  cube  (22.4 
liters).  The  symbol,  in  the  next  column,  stands  for  this  quantity 
and  occurs  in  many  formulss,  such  as  HiO  and  HCl.  It  represents 
the  combining  unit  or  atom.  In  the  third  column  is  ^vea  the  den- 
sity of  the  free,  elementary  substance.  This  number  of  grams  of  the 
ample  substance  fills  the  G.M.V.  and  this  number  is  the  molecular 
w^ght.  It  shows  the  weight  of  the  molecule  relative  to  the  wights 
of  the  other  molecules  in  the  same  column,  and  to  the  weighte  t^ 
the  atoms  in  the  first  column.  In  the  last  two  columns  axe  (pven 
the  densities  resolved  into  multiples  of  the  atomic  wughts  and  the 
corresponding  formuUe. 

The  reader  cannot  ful  to  note  a  striking  peculiarity.  In  the  case 
of  chlorine  the  molecular  w^ght  is  70.92,  while  the  atomic  w^ht  is 
35.46.  With  hydrogen  and  oxygen,  also,  the  molecular  weight  con- 
tfuns  two  atomic  weights.  Yet  this  is  not  a  general  rule,  for  with 
mercury  and  several  other  elements  the  molecular  and  atomic  weights  * 
are  alike,  while  wHh  phosphorus  the  molecular  is  four  times  the 
atomic  weight.  Evidently  there  ia  no  rule,  and  each  element  has  to 
be  subjected  to  separate  experimental  study.  The  result  is  that  for 
/ree,  elementary  chlorine  we  use  the  tnoleadar  formula  CU,  for  free 
hydrogen  Hi,  for  elementary,  uncombined  oxygen  the  formula  0|.     F<v 
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a.  substance  like  phosphorus,  which  is  not  a  gas  and  is  not  often 
measured  as  a  vapor,   the  formula  P  is  commoiJy  employed  by 
chemists,  to  avoid  the  lai^r  coefficients  which  P*  introduces  into 
equations,  although  theoretically  the  latter  formula  would  be  the  ' 
Btrictly  correct  one. 

The  case  of  oxygen  demonstrates  clearly  the  necessity  of  using 
molecular  formulce,  even  for  dmple  substances.  The  table  shows 
two  substances  containing  nothing  but  oxygen.  Ozone  (q.v.)  has  a 
molecular  weight  48,  being  a  gas  exactly  one4ialf  heavier  than  ordi- 
nary oxygen.  Its  formula,  therefore,  is  Oi,  while  that  of  oxygen  is  Oj, 
Oxygen  and  ozone  are  entirely  different  chemical  individuals.  The 
latter  has,  for  example,  a  strong  odor  and  is  much  more  active. 
Thus  polished  ^Iver  remains  bright  indefinitely  in  pure  oxygen,  but 
oxidizes  quickly  when  placed  in  ozone. 

To  avoid  a  common  error,  the  reader  should  note  that  to  ieam  the 
Wmtc  weight  of  an  element,  we  do  not  measure  the  molecular  weight 
(rf  the  simple  substance.  The  molecular  weight  of  the  elementary 
substance  may  be  a  multiple  of  the  atomic  weight,  and  we  find  out 
whether  it  is  such  a  multiple  only  after  the  atoinic  weight  has  been 
determined.  The  atomic  weight  is  the  unit  weight  used  in  com- 
pounds, and  can  be  ascert^ned  only  by  a  study  of  compounds.  The 
molecular  w^ht  of  the  free  el^aent  gives  us  only  a  value  which  we 
know  must  be  a  multiple  of  the  atomic  weight,  by  1  or  some  other 
bt^er.  Mol.  Wt,  =  At.  Wt.  X  x,  where  x  is  1  or  some  other 
integer. 

Further  Discusaion  of  the  Molecular  Formulee  of  Elemen- 
tary Substances.  —  Some  further  explanation  may  be  required,  to  ■ 
the  end  that  the  reader  may  be  reconciled  to  accepting  the  f  onnul» 
Cli,  Oi,  and  ao  forth.  In  the  first  place,  he  should  note  how  these 
tormuliB  arose.  If  we  accept  Avogadro's  law,  and  the  inference 
from  it  to  the  effect  that  the  weights  of  equal  volumes  of  gases  are 
in  the  same  ratio  as  the  wights  of  their  individual  molecules,  then 
we  cannot  escape  the  concluaon  to  which  measuring  the  relative 
tienatiesof  free  chlorine  and  hydrogen  chloride,  for  example,  leads. 
The  ratio  of  thdr  densities  is  70.92  :  36.46,  That  is  to  say,  the  rda- 
tive  weights  of  a  molecule  of  chlorine  and  a  molecule  of  hydrogen 
chloride  stand  in  this  ratio.  The  molecule  of  chlorine  is  nearly  twice 
as  heavy  as  the  molecule  of  the  compound,  and  there  cannot  therefore 
6e  <t  whole  mol«c<iI«  of  chlorine  in  a  molecule  of  hydrogen  chloride.  In 
(&ct,  we  peroeive  at  once  that  the  molecule  of  hydn^en  chloride 
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must  contun  only  half  a  molecule  of  chlorine  (35.46),  together  with 
half  a  molecule  of  hydrogen  (1).  In  other  words,  if  the  molecule  of 
free  chlorine  were  to  be  taken  as  the  atom  of  the  element,  then  the 
molecule  of  hydrogen  chloride  would  contain  only  half  an  atom  of 
chlorine,  which  would  be  contrary  to  our  decision  to  take  as  atoms 
quantities  which  are  not  divided.  So  we  choose  the  other  horn  of 
the  dilemma,  and  say  that  the  epecimen  of  chlorine  in  the  molecule 
of  bydrc^n  chloride  is  a  whole  atom  and  that  therefore  the  amount 
of  chlorine  in  the  molecule  of  free  chlorine  is  two  atoms,  and  its 
formula  Clt-  Similarly,  the  weight  of  hydrogen  in  the  molecule  of 
hydrogeo  chloride  is  1.008,  while  that  of  the  molecule  of  hydrogea 
is  2.016,  so  that  there  are  two  atoms  in  the  molecule  of  free  hydrogen 
and  its  formula  is  H).  Reasoning  in  Uke  manner  from  the  molecular 
weights  of  oxygen  (32)  and  water  (18)  we  reach  the  conclusion  that 
the  molecule  of  oxygen  is  dlatomia  (Oi)' 

SttU  another  way  of  lookii^;  at  the  same  facts  may  shed  light  on 
the  matter.  When  hydrogen  and  chlorine  combine,  one  volume  of 
each  of  these  gases  pves  two  volumes  of  hydrogen  chloride  (p.  228). 
Let  us  imagine  the'  experiment  to  be  made  with  minute  volumes 
holding  one  hundred  molecules  each : 

HTDKOOS^ET    CBKABIDR  HYDB041BH  CSLOMIO 

100  I  100  came  from 


100 

+ 

100 

The  200  molecules  of  hydrogen  chloride  must  contain  at  least  200 
fr^ments  of  chlorine,  ^Qce  there  is  a  sample  in  each  molecule.  Now 
the  200  fragments  of  chlorine  came  from  a  volume  oontainiug  only 
100  moUculea  of  chlorine.  Each  of  the  latter  must  therefore  have 
been  split  in  the  chemical  action.  Hence  the  molecules  of  tree 
chlorine  contain  at  least  two  atoms.  Parallel  reasoning  leads  to 
the  conclusion  that  the  molecules  of  free  hydrc^n  aro  likewise  di- 
atomic. If  we  consider  the  molecular  formula  of  a  substance  as 
represesitii^  one  molecule  (see  below),  the  equation  for  this  action  is; 
H,+  C1,-»2HC!. 

There  are  two  molecules  on  each  side  of  the  equation,  and  this  corre- 
sponds with  the  fact  that  there  is  no  change  in  the  total  volume. 
Again,  we  find  that  one  volume  of  o^gen  furnishes  enough  of  the 
element  for  two  volumes  of  water  vapor  (p.  156).  We  infer  thei«- 
fore  that  each  molecule  of  oxygen  is  divided  into  two  parts  in  the 
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action.  And  in  like  majiner,  when  we  find  that  one  volume  of  phoe- 
phonia  vapor,  in  combination  with  six  volumes  of  chlorine,  ^ves 
/our  volumes  of  phosphorus  trichloride  vapor,  we  infer  that  every 
molecule  of  phosphorus  furnished  enough  of  the  element  for  four 
iDolecules  of  phosphorus  trichloride,  and  contained  therefore  four 
atoms  (see  Exercise  3,  p.  265). 

P*  +  6Cli-»4PCl,. 

The  dmple  fact  that  hydrogen  and  oxygen,  when  mixed;  do  not 
comlnne  (p.  126)  may  assist  in  reconciling  us  to  the  diatomic  nature 
of  their  molecules.  Some  part  of  the  mixture  has  to  be  heated 
Btrongly  to  start  the  interaction.  Now  the  molecular  formulie,  Ht 
and  d,  suggest  that  each  gas  is  really  in  combination  already  (with 
itself),  and  they  therefore  explain  to  some  extent  the  indifference  of 
the  gases  towards  one  another.  If  the  molecules  were  free  atoms, 
they  could  not  encounter  one  another  continually  as  they  move 
about,  and  yet  escape  combination  as  we  observe  that  tbey  do.  We 
may  imagine  that  the  primary  effect  of  beatii^  is  to  decompose 
Bome  of  the  molecules,  and  hberate  bydrc^en  and  oxyg^i  in  the 
atomic  con<lition,  and  that  the  combination  of  these  atoms  starts 
tlie  explofdon  of  the  whole  mass. 

In  the  case  of  hydrogen,  the  diatomic  nature  of  the  molecules 
has  been  demonstrated  by  an  entirely  different  method  by  Irving 
Ungmuir.  It  has  long  been  known  tha,t  the  conductivity  of  hydro- 
gen for  heat  is  greater  than  that  of  any  other  elementary  gas.  Thus, 
a  wire  raised  to  a  white  heat  in  air  by  means  of  an  electric  current 
cannot  be  kept  at  a  red  heat,  even,  by  the  same  current  in  hydrogen. 
In  other  gases,  beat  from  the  hot  wire  is  used  up  in  accelerating  the 
motion  of  the  molecules  of  the  gas.  Langmuir  has  shown,  however, 
that  in  hydrogen,  additional  beat  is  consumed  in  caumng  decom- 
position of  many  of  the  diatomic  molecules  into  single  atoms: 
HiFt2H.  He  has  measured  the  percentage  of  molecules  dissoci- 
ated (at  760  mm.),  and  found  that  it  varies  from  0.33  per  cent  at 
3000°  to  13  per  cent  at  3000"  and  34  per  cent  at  3500°.  When  the 
temperature  falls,  the  atoms  re-combine  to  form  diatomic  molecules. 

It  may  also  assist  in  making  the  matter  clear  if  we  note  that  the 
atomic  w^ght  of  an  element  is  the  unit  quantity  of  that  particular 
variety  of  matter,  when  it  is  in  cominnation.  The  unit  quantity  of 
the  same  variety  of  matter,  when  in  the  free  state,  as  a  substance, 
Deed  not  be  the  same.  We  should  not  expect  it  to  be  smaller,  but 
it  might  easily  be  twice  or  more  times  as  large. 
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Replies  to  Questions  about  Difficultiea.  —  The  banner 
always  becomes  coofuaed  over  one  or  more  of  the  points  raised  by 
the  following  qiiestioos: 

1.  Why  was  32  g.  of  oxygen  taken  as  the  standard  for  moleculai 
weights,  rather  than  16  g.?     Read  p.  252  and  footnote  to  p.  240. 

2.  If  Ot  is  the  smallest  mass  of  oxygen,  why  do  we  have  formube 
like  HiO  and  HC107  O)  is  the  sualleet  mass  of  free  oxygen,  but  in 
combination  half  as  much  occurs  in  many  molecules.  Read  pp.  241, 
250,  and  251. 

3.  Why  is  not  the  atomic  weight  of  an  element  ascertained  by 
^mply  measuring  the  denmty  of  the  elementary  substance?  Read 
pp.  251  and  261. 

4.  Can  we  not  deduce  the  valence  of  an  element  from  knowing 
the  number  of  atoms  in  its  molecule,  and  vice  versa?  Some  molec- 
ular formulae  and  valences  are:  Hi",  O",  CU',  Zn",  also  Hg  (uni- 
valent and  bivalent),  Ft  (trivalent  and  quinquiv^ent)  and Si  (bivalent 
and  sexivalent).  There  is  no  relation,  either  observable  or  to  be 
expected: 

5.  Do  the  molecular  weights,  oxygen  ■■  32  and  hydn^en  -:  2, 
mean  that  the  molecules  of  oxygen  are  larger  than  are  tboee  <A 
hydn^n?  This  is  the  ratio  of  their  weights,  but  none  of  the  phe- 
nomena discussed  in  this  chapter  are  influenced  appreciably  by  thor 
relative  sizes,  and  therefore  none  of  them  ^ve  any  information  on 
the  subject.    Read  the  footnote  to  p.  237. 

Exerasea.  —  1.  The  weight  of  1  1.  of  gas  at  0°  and  760  mm.  is 
5.236  g.  What  is  the  density  referred  (a)  to  air  (air  =  1)  and  (b)  to 
hydrogen,  and  (c)  what  is  the  molecular  weight  (pp.  233,  237)? 

2.  The  density  of  a  gas,  referred  to  air,  is  6.7.  What  is  tiie 
wMght  of  1  1.  (p.  233),  and  what  is  the  molecular  w^gbt  (p.  237)7 

3.  The  molecular  weight  of  a  substance  is  65.  What  is  the 
denaty  referred  to  air,  and  what  is  the  weight  of  1  1.7 

4.  If  the  molecular  weight  of  cixyg&a  were  taken  bb  100,  what 
would  be  the  volume  of  the  G.M.V.  (p.  233)7  What,  on  the  same 
scale,  would  be  the  molecular  weight  of  water,  and  what  would  be 
the  atomic  weights  of  hydrogen  and  chlorine  (pp.  233,  241)? 
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CHAPTER  Xin 

1PPUCATI0N8   or  MOLBCm.AR  AND  ATOHIG  WnOHTS. 
PBOPEBTIES  OP  ATOMS 

Applications:  IntenKtions  Between  Gaaea.  —  According  to 
Avogadro's  law,  if  we  filled  a  succession  of  vessels  of  equal  dimen- 
siona  with  different  gases,  and  could  arrest  the  motJon  of  the  particles 
and  observe  tb^  disposition,  we  should  find  that  the  average  dia- 
tance  from  particle  to  particle  would  be  the  same  in  all  cases.  This 
would  be  true  whether  our  vessels  were  filled  with  single  gases,  with 
homogeneous  mixtures,  or  with  gases  in  layers.  Such  being  the  case, 
it  any  chemical  change  is  brought  about  in  the  mass  which  results 
in  a  multiplication  of  the  molecules,  it  is  evident  that  the  volume 
mil  have  to  increase  in  order  that  the  spacing  may  remain  the  sEime 
as  before.  If  any  chemical  action  results  in  a  diminution  of  the 
number  of  molecules,  then  a  shrinkage  must  take  place  in  order  that 
the  spacing  may  be  preserved  as  before.  Thus,  in  a  mixture  of 
hydn^en  and  chlorine,  according  to  our  hypothesis,  when  interaction 
to  produce  hydrt^n  chloride  occurs,  neighboring  molecules  of  hy- 
drogen and  chlorine  ^mply  exchange  units,  so  that  HH  -1~  CICl 
becomes  HCl  +  CIH.  There  being  no  alteration  in  the  number  of 
particles,  no  chai^  in  volume  occurs.  In  the  case  of  water,  on  the 
other  hand, 

HH  +  OO+HH    becomes    HOH  +  HOH! 

Since  the  oxygen  molecules,  which  form  a  third  of  the  whole,  dis- 
appear  into  the  molecules  of  hydrogen,  the  tendency  to  preserve 
spacing  results  in  a  diminution  of  the  volume  by  one-third  (p.  156). 
Thus  Gay-Luasac's  law  would  have  followed  as  a  natural  inference 
from  Avogadro's  law,  if  the  former,  being  more  obvious,  had  not 
been  discovered  first. 

This  method  of  lookii^  upon  chemical  interactions  between 
gases  gives  us  the  nearest  sight  which  we  can  have  of  the  behavior  of 
the  molecules  themselves.  We  cannot  perceive  the  individual  mole- 
cules, but,  in  consequence  of  the  spatial  arrangement  which  they 
observe,  the  change  in  the  whole  volume  of  a  large  aggregate  of 
365 
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molecules  enables  us  to  draw  conclusions  at  once  in  r^ard  to  the 
'behavior  of  the  sin^e  molecules  in  detail. 

Applicationa:  Mt^ecular  Equations. ^To  utilize  the  fore- 
going  considerations,  chemists  alwajB  employ  In  their  squatdoni  the 
molecnUr  tramuln  for  the  gases  and  easily  vaporized  subetancefl 
concerned.    Thus  far,  we  have  used  the  equation: 

H  +  CI  -►  HCl, 
WxiaHi«:  1.00S    36.46      36.468 

and  the  information  it  contained  was  exhausted  when  we  bad  placed 
below  the  symbols  the  weights  for  which  they  stood.  But  the  molec- 
ular equation  is  much  more  instructive.  The  following  shows  tbt 
tnt«rpreta>tlons  to  which  th«  molecular  equation  Is  subject: 

H,      +  CI,    ->     2HC1. 

WmoHTO:  2.016  g.  70.92  g. 

VoLUUBs:  22.4  L  22.41. 

Molecules:  -    1  1  2 

The  weights,  although  doubled,  show  the  same  proportions,  so 
that  questions  of  weight  are  answered  as  easily  as  before.  These 
weights,  however,  being  molecular  weights,  or  multiples  thereof,  can 
be  translated  at  once  into  volumes,  and  questlonB  about  volumai 
ean  alao  be  anawered.  Finally  the  relative  numben  of  each  Und  ot 
moleculoa  can  be  road  from  thla  equation,  for  the  coefficients  in  front 
of  the  formulae  represent  these  numbers.  Where  no  coefficient  is 
wntten,  1  is^to  be  understood.  The  application  of  these  properties 
of  molecular  equations  is  illustrated  below.  Before  applying  these 
equations,  however,  we  must  first  leam  how  to  make  them. 

Applications:    The  Making  of  Molecular  EquatUma.  —  To 

make  a  molecular  equation,  we  first  make  an  equation  according  to 
the  rules  already  explained  (p.  73).  An  equation  like  that  given  for 
the  interaction  of  oxygen  with  hydrogen  chloride  {Deacon's  process, 
p.  216) :  2HC1  +  0  -<■  HiO  +  2C1,  is  the  result.  Then  we  adjust 
the  equation  so  that  moiecular  formuhe  are  used  throughout.  2C1 
becomes  at  once  CU.  The  oxygen,  however,  must  also  appear  as  0», 
or  a  multiple  of  this,  in  such  equations.  Hence  the  whole  equation 
must  be  multiplied  by  2: 


4HCl  +  Oj-»2H»0  +  2CU. 


'Cooglf 
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Again,  the  equation  for  the  preparation  of  chlorine  from  potasdum 
permanganate  and  hydrochloric  acid  (p.  218)  becomes: 

2KMn04  +  16HC1  -» 8HjO  +  2KC1  +  2MnCls  +  5C1*. 

Every  equation  containing  an  odd  number  of  atoms  of  a  substance 
whose  molecules  are  diaiomic  must  be  multiplied  by  2.  Again,  mer- 
curic oxide  decomposes  to  give  mercury  vapor  and  oxygen  (p.  17), 
and  the  molecules  of  mercuiy  are  monatomic  and  those  of  oxygen 
diat(»nic,  so  we  write: 

2HgO-»2Hg  +  0,. 

Finally  the  formulsB  of  substances  which  are  solid  or  liqmd,  and 
cannot  be  eaaly  vaporieed,  are  written  in  the  simplest  terms.  Thus, 
ranee  substances  like  the  copper  in  the  following  equation  are  in- 
volatile,  the  molecular  weights  of  such  substances  are  unknown,  and 
their  molecular  formulfe  likewise:  2Cu -f  d —>  2CuO.  Further 
more,  in  the  case  of  substances  which  can  be  volatilized,  although 
the  molecular  weights  and  molecular  formula  may  therefore  be 
known,  we  do  not  usually  employ  the  molecular  foimulee  if  the  sub- 
BitiWDe  is  not  used  in  the  form  of  vapor  in  the  laboratory.  Thus,  the 
molecular  formultv  of  phosphoric  anhydride  is  P4O10  (p.  88).  But 
we  generally  make,  and  use,  only  the  solid  fonn,  and  not  the  vapor, 
in  actual  work.  Hence  the  action  with  water  is  usually  written  as 
we  have  giv^i  it  (p.  149),  rather  than  in  the  fonn:  PtOig  +  6H1O 
-»4H,P0*. 

The  applications  of  the  properties  of  mtdeouUr  «quatl<mB  (which 
win  b0  OMd  azduilTsly  h«roaft«r)  may  now  be  illustrated  in  detail. 

AppUcationai  To  Arithmetical  ProbUma,  —  1.  When  a 
problem  in  regard  to  wsightt  of  material  used  or  produced  in  a  given 
action  ia  to  be  solved,  the  molecular  equation  is  to  be  written  and 
the  weights  inserted  beneath  the  formulae.  The  mode  of  calculation 
has  been  described  already  (p.  75). 

2.  Whra  a  problem  involving  welfhta  and  toIuhim  is  to  be 
solved,  the  molecular  equation  is  to  be  written,  and  both  the  weights 
and  volumes  are  to  be  inserted.  Note,  however,  that  the  volumes 
of  the  substances  which  are  in  the  gaseous  wndiiion  only  are 
inserted. 

For  example:  What  volume  of  oxygen  is  obtained  from  60  g.  of 
potasEQum  chlorate?  The  molecular  equation,  made  as  shown  above 
(p.  2S6),  together  with  the  full  interpretation,  are  as  follows: 

oogic 
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2KC10,        -»  ZKCl      +      3(V 

[2(39.1  +35.46  +  48)  2  (39.1  +  35.46)  3XM 
1           245.12  g.  149.12  g.  96  b. 

Volumes:  3  X  22.4 1. 

Oivbn:  60  g.  X  t. 

Observe  that  no  volumes  are  given  under  the  chlorate  and  chloride 
of  potassium.  This  is  because  their  volumes  in  the  gaaeotia  condition 
can  be  of  no  practical  use,  since  they  are  solids  which  are  melted,  but 
not  vaporized  during'  this,  or  any  action  in  which  we  employ  th^n. 
Note  1^90  that  the  data  given  in  the  problem  are  inserted,  and  x  1. 
is  placed  under  the  oxygen.  Now,  as  to  the  problem  in  hand,  it  is 
concerned  with  a  weight  of  potassium  chlorate  and  a  volume  ot 
oxygen.  Reading  from  the  equation,  our  information  on  tJieae  points 
is  that  245.12  g.  of  potassium  chlorate  give  67.2  liters  (observe  that 
the  coefficients  are  used,  as  well  as  the  molecular  wights,  in  these 
numbers)  of  oxygen  at  0°  and  760  mm.,  and  the  question  is,  What 
volume  will  60  g.  give?  By  proportion,  245.12  g.  :  67.2  1.  :  :  60  g.  :  x 
1.,  where  x  =  16.4  liters.  If  a  different  temperature  and  pressure 
had  been  specified,  ^ther  the  volume  in  the  equation,  or  the  answer, ' 
would  have  had  to  be  converted  by  rule  to  the  given  conditions. 

It  saves  time  not  to  write  out,  as  above,  the  whole  interpretation, 
but  only  the  parts  required.  For  example,  if  the  question  is:  What 
volume  of  chlorine  is  needed  to  give  25  g.  of  aluminium  chloride,  we 
may,  if  we  choose,  omit  all  the  data  excepting  the  volume  of  the 
chlorine  and  the  weight  of  the  aluminium  chloride,  thus: 

2A1+     SCI,     -*     2A1C1. 

3X22.41.    2X  133.4Sg. 
xl  25  g. 

The  volume  of  chlorine  required  is  3  X  22.4  X  25  -^  (2  X  133.48) 
liters.  These  illustrations  show  the  method  of  calculating  actual 
Totutnea  (see  Exercises  4,  5). 

3.  If  the  question  concerns  reUtlva  Tolumas  only,  then  it  is 
simplest  to  use  the  interpretation  of  the  equation  in  terms  of  mole- 
cules. For  example,  What  relative  volumes  of  hydrogen  chloride 
and  oxygen  are  required  in  Deacon's  process?  The  molecular  equar 
ti(m  is  (p.  256) : 

4HC1  +  Ot  -♦  2H,0  +  2CI,. 


.  ,i,z<,i:,.,  Google 
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Since  equal  numbers  of  molecules  of  gases  occupy  equal  volumes,  the 
[TOporUon  4  molecules  of  hydrogen  chloride  to  1  molecule  of  oxygen 
shows  the  ratio  to  be  4  :  1  by  volume.  Similarly,  every  4  molecules 
of  hydrc^n  chloride  ^ve  2  molecules  of  chlorine,  so  that  the  ratio  of 
Ibese  substances  by  volume  is  4  :  2,  or  2  :  1. 

In  regard  to  the  water,  since  that  is  not  a  gas  at  common  tempera- 
tures, the  question,  if  asked,  must  be  more  specific:  What  are  the 
relative  volumes  of  steam  and  chlorine  in  the  product,  as  commonly 
delivered  by  the  action  at  400"?  It  is  2  :  2,  or  1  :  1.  What  are  the 
relative  volumes  of  water  and  chlorine,  after  the  products  have  cooled 
Co  room  temperature?  The  water  is  no  longer  a  gas,  so  that  it  occu- 
pies, relatively,  almost  no  volume,* 

What  is  the  total  volume-chaiyje  in  the  foregoing  action  above 
100°?  It  is  a  change  from  5  molecules  to  4.  The  volume  changes  in 
the  same  ratio.  But  at  0°  the  volume-change  is  from  S  volumes  to  2, 
for  the  water  does  not  appreciably  add  to  the  volume  of  the  products 
(see  Exercises  6,  7). 

4.  When  we  know  the  molecular  formula  of  the  single  substances 
concemed  in  an  action,  the  equation  can  be  made,  and  the  nlatlvs 
Tohimei  dflttrmlnad,  without  actual  mMiurwnsnt.  For  example: 
What  volume-change  will  be  observed  when  a  mixture  of  carbon 
monoxide  and  oxygen  has  exploded,  and  the  temperature  has  once 
more  reached  that  9f  the  room?  The  molecular  formulae  are  GO,  Oi, 
and  COt,  The  equation  representing  the  weights  is  CO  -F  O  — »■  COi, 
The  molecule  of  oxygen,  however,  being  Oi,  we  cannot  em[doy  less 
than  this  quabtity  in  a  molecular  equation,  so  that  the  equati(m 
becomes: 

2CO  +  0,-»2COi. 

Three  molecules^  therefore,  give  two,  throughout  the  whole  mass,  and 
therefore  three  volumes  will  become  two,  if  the  pressure  and  tempera- 
tare  are  the  same  at  the  beginning  and  end  of  the  action. 

If  we  remember  that  all  volatile  compounds  of  carbon  and  hydro- 
g«i  bum  to  fonn  water  and  carbon  dioxide,  the  molecular  equation 

*  Of  course  if  an'exact  answer  tmut  be  given,  it  can  be  given.  But  for  this 
n  require  the  maght  and  specific  gravity  of  the  product.  Thus,  2Hrf>  represents 
2  X  18  g,  of  water.  The  sp.  gr.  of  water  is  1.  Therefore  the  volume  of  water 
fgnued  is  36  c.c.  The  volume  of  2C1,m  2  X  22.4,  or  44.8  Htera  at  0°.  The  ratio 
of  wilcr  to  chlorine  by  volume  at  0°  is  thprefore  36  :  44,800.  But,  as  a  rule,  we 
miplr  ^ve  the  volumes  of  soUds  and  liquids  aa  lero,  compared  with  those  of  the 
gMei  eoaoomed  in  the  same  action. 
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for  any  such  combustion  may  easily  be  made,  aod  tfae  volumes  of  all 
the  materials  ascertained.  When  water  is  a  product,  only  its  volume 
as  steaip  is  given  by  the  equation  (see  Exercises  7,  8). 

5.  Knowing  by  heart  the  molecular  fonnulsB  of  gaseous  sub- 
stances,  as  we  must  know  them  for  many  purposes,  it  is  unnecessary 
to  burden  our  minds  with  other  data  in  r^ard  to  the  roUtlva  dsa- 
•Itlw  of  gwMta.  Is  hydrogen  chloride  HCI  heavier  or  lighter  than 
carbon  dioxide  COi?  These  formulae  represent  the  weights  of  equal 
volumes  (22.4  1.),  namely  36.46  g.  and  44  g.,  respectively.  Hence 
the  former  gafi  is  a  little  lighter.  Remembering  that  the  G.M.V.  of 
•Ir  weighs  28.955'g.  (Table,  p.  233),  we  can  compare  the  weight  ot 
any  gas  with  that  of  air  in  the  same  way. 

What  are  the  relative  weights  of  acetylene  (CiH»,  p-  241)  and 
sulphur  dioxide  SOj  as  compared  with  air?  The  G.M.V.  cube  holds 
formula^weights  of  the  first  two,  namely  26  g.  and  64  g.,  and  28.955  g. 
-of  air.  Hence  acetylene  is  a  little  lighter  than  fiir,  and  sulphur 
dioxide  more  than  twice  ae  heavy  (see  Exercise  9). 

Applications:  To  Cases  of  Disaociatitm.  —  Several  gases  or 
vapors  yield  smaller  values  for  their  densities,  and  therefore  molec- 
ular weights,  when  the  den^ties  are  measured  at  higher  tempera- 
tares.  This  indicates  that  the  molecules  have  become  hgbter,  and 
can  only  mean  that  decomposition  has  taken  place  in  consequence 
of  the  heating.  Behavior  of  this  kind  is  shown  both  by  compounds 
and  by  simple  substances. 

For  example,  phosphonu  paitaohlorid*  PCU,  although  a  solid, 
can  be  converted  into  vapor  without  much  difficulty.  Its  molecular 
weight,  if  it  underwent  no  chemical  change  during  the  volatilization, 
would  be  31  +  177.3  =  208.3.  The  density  actually  observed  at 
300°  and  760  mm.  pressure  gives  by  calculation  not  much  more  than 
half  this  value.  The  direct  inference  from  this  is,  that  the  molecules 
have  only  half  the  (average)  weight  that  we  expected:  or,  in  other 
words,  are  twice  as  numerous  as  we  expected.  The  explanation  is 
found  when  we  examine  the  nature  of  the  vapor  more  closely.  We 
find  that  it  is  a  mixture  of  phosphorus  trichloride  and  free  chlorine, 
resulting  from  a  chemical  change  according  to  the  equation:  PCU  *=^ 
PCU  +  Cli.  The  low  value  of  the  density  thus  tells  us  that  diaso- 
ciation  has  taken  place.  From  the  value  of  the  density  at  various 
temperatures,  we  may  even  calculate  the  proportion  of  the  whole 
material  which  is  dissociated.  At  300"  it  is  97  per  cent;  at  250°,  80 
per  cent;   and  at  200°,  48.5  per  cent.     Thus,  when  the  temperature 
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IB  lowered,  prc^resave  recombination  takes  place  and  the  proportion 
dissociated  becomes  less.  Finally  the  vapor  condenses  and  yields 
the  original  solid. 

Again,  sulphur  boils  at  445",  but  is  ea^ly  vapcmzed  at  a  tempera- 
ture as  low  as  193",  under  very  low  pressure.  At  this  temperature 
the  denaty  of  the  vapor  gives  the  molecular  weight  256  ( =  8  X  32), 
and  the  molecular  fonnuia  St-  That  is  to  say,  the  G.M.V.  holds 
256  g.  of  the  vapor  at  193°.  At  800°,  however,  the  density  is  only 
one-fourth  as  great,  and  the  G.M.V.  holds  only  64  g.  (St).  This 
means  that  256  g.  now  occupy  four  times  as  lai^e  a  volume  as  before, 
and  the  increase  is  additional  to  the  effect  of  the  mere  thermal  expansion, 
which  is  allowed  for  in  the  calculation  and  eliminated.  Hence  the 
molecules  have  dissociated.  At  1700°  the  molecular  formula  is  still 
Si,  bo  that  this  shows  the  limit  of  observed  dissociation:  Ss 4=^48]. 
When  the  vapor  is  cooled,  the  density  increases  once  more  and  at  193° 
recovers  completely  the  greater  value.  Similar  observations  show 
tjiat  phoq>liorus  vapor  at  313°  is  all  P*,  but  at  1700°  one-half 
of  the  molecules  are  Pj.  lodino  vapor,  up  to  700°,  is  all  Ig.  Beyond 
this  temperature  the  density  diminishes,  and  when  1700°  is  reached 
the  vapor  is  all  I.  Thus  the  molecules  are  diatomic  at  low  tempera- 
tures and  monatomic  at  high  ones.  The  densities  of  oxygen,  hydro- 
gen, and  ctllorine  are  not  measurably  affected  by  heating  to  1700°, 
so  that  their  diatomic  molecules  exist  from  temperatures  far  below 
0"  up  to  1700°,  and  are  evidently  very  stable.  For  observations  on 
hydrogen  above  1700°,  however,  see  p.  253. 

ApplicaHona:  Fining  the  Atomic  Weight  of  a  New  £!»• 
ment.  —  By  way  of  reviewing  the  principles  explained  in  this  chap- 
ter, let  us  apply  them  to  the  imaginary  case  of  a  newly  discovered 
dement.  The  bromide  of  the  element  is  found  to  be  easy  of  p^pa- 
ration  and  to  be  volatile.  The  bromide  contains  30  per  cent  of  the 
element,  and  therefore  70  per  cent  of  bromine,  and  its  vapor  density 
referred  to  air  is  11.8.  The  analysis  can  always  be  made  much  more 
accurately  than  the  measurement  of  vapor  density,  so  that  the  two 
former  nmnbCTS  are  more  trustworthy  than  the  last. 

To  find  the  equivalent  of  the  clement,  that  is,  the  amount  com- 
bined with  79.92  parts  (the  equivalent,  and  also  the  atomic  weight), 
of  bromine,  we  have,  the  proportion  70  :  30  ;  :  79.92  :  x,  from  which 
X  =  34.3.     The  atomic  weight  must  be  this,  or  some  small  multiple 

of  it. 

The  G.M.V.  of  air  weighs  28.955  g.  (p.  233).     Hence  the  same 
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volume  of  the  vapor  of  this  bromide,  which  is  11.8  times  as  heav>  as 
air,  will  weigh  28.955  X  11.8,  or  341.67  g.  This  is  therefore  the 
molar  weight  of  the  compound. 

Now  30  per  cent  of  this  is  the  new  element:  341.67  X  30  -i-  100 
=  102.5.  Three  times  the  equivalent  weight  is  the  multiple  nearest 
to  this  number,  3  X  34.3  =  102.9,  the  difference  being  due  to  error  in 
determining  the  density.  So  long  as  no  other  volatile  compound  is 
known,  we  adopt  this  as  the  atomic  weight.  The  rest  of  the  molar 
weight  (239.76  »  3  X  79.92  parts)  is  bromine.  Thus  the  fomiula  oi 
the  compound  is  ElBrs,  and  from  this  we  see  that  the  element  is 
trlralsnt. 

In  case  no  volatile  compound  of  the  element  can  be  formed,  the 
wdght  combining  with  79.92  parts  of  bromine  is  measured  as  before. 
Then  some  of  the  free  simple  substance  is  made,  say  by  electrolysis, 
and  its  specific  heat  is  determined.  The  sp.  ht.  is  about  0.063. 
Application  of  Dulong  and  Petit's  law  then  gives  the  atomic  weight. 
The  product  34.3  X  0.063  is  equal  to  2.161.  Hence,  the  equivalent 
must  be  multipbed  by  3  to  give  the  atomic  weight,  for  this  raises 
the  product  to  6.48,  which  is  within  the  limits.  Thus  the  value  of 
the  atomic  weight  ia  102.9,  as  before. 

Properties  of  Atous 

There  ia  danger  that  one  may  attribute  to  atoms  properties 
which  they  do  not  possess.  It  is  sometimes  said  that  an  atom  of  an 
element  is  the  smallest  particle  of  that  element  which  possesses  the 
same  properties  as  a  larger  pwrtion  of  the  same  element.  This  is  an 
ill-considered  statement.  For  example,  an  atom  of  mercury,  in 
mercury  vapor,  has  the  perfect  elasticity  of  a  molecule,  but  a  mass 
of  frozen  mercury  has  a  limited  d^ree  of  elasticity,  like  any  other 
piece  of  matter.  We  should  note,  therefore,  the  properties  which 
the  experimental  work  thus  far  described  has  ^own  atoms  to  p 


Properties  of  Atoms.  —  Atoms  move  from  one  state  of  combi- 
nation to  another  without  alteration  in  their  mus.  Since  they  may 
be  restored  to  their  free  condition  and  recombined  as  often  aa  we 
choose,  without  impairment  of  their  individuality,  eaeta  kind  must  be 
eonvKwed  at  a  dlatinot  varietr  of  nutter. 

The  conception  of  valence  (p.  130)  su^^ests  that  some  atoms 
unite  with  but  one  other  atom,  habitually  (NaCl).  Some,  however, 
unite  with  two  of  the  first  kind  (ZnCU),  or  with  one  other  of  thdr 
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own  kind  (ZnO),  still  others  with  three  atoms  of  the  first  kind 
(AlCli),  and  so  forth.  In  other  words,  it  involves  the  assumption 
that  tmch  Und  of  atom  hu  a  llmitMi  oapvAtf  for  ^■'^'^'"g  aOux 
■tons  In  comblnadop.  Thus,  taking  the  most  crudely  mechanical 
view  of  the  matter,  we  might  suggest  that  there  is  a  hmit  to  the 
number  of  points  at  which  atoms  may  be  attached  to  one  another. 
When  one  atom  of  ghlorine  is  attached  to  one  of  sodium,  the  com- 
taning  capacity  of  each  is  exhausted.  When  one  atom  of  hydrogen 
is  attached  to  one  atom  of  oxygen,  one  combiuii^  capa^ty  of  the 
ox^en  still  remans  (H  —  O  — ),  and  can  be  satisfied  by  one  more 
atom  of  hydrogen  or  of  some  other  element. 

Atoms  of  the  same  kind  can  combine  with  one  another.  Thus 
we  liave  Hj,  Oi,  Ot,  Ni,  and  so  forth.  But  many  kinds  of  atoms 
lack  this  quaUty.  The  molecules  of  metals,  ao  far  as  we  have  been 
able  to  ascertain  their  nature,  are  monatomic,  e.g.,  K,  Na,  Hg,  Zn,  Cd. 
Then  some  atoms,  those  of  the  noble  gases  iq.v.),  refuse  to  combine 
witii  any  other  atoms  whatever,  e.g.,  He,  Ne,  A,  Kr,  Xe,  Nt. 

Again,  certain  compounds,  similar  in  compoation,  such  as  barium 
peroxide  BaOi  and  manganese  dioxide  MnOi,  show  different  chem- 
ical behavior.  The  former  of  these  when  treated  with  sulphuric 
acid 'gives  hydrogen  peroxide- ((;.ii.),  while  the  latter  ^ves  only 
water  and  oxygen. .  If  it  were  merely  a  question  of  composition, 
tbe  substances  should  behave  alike.  So,  also,  we  often  have  two  or 
more  compounds  identical  in  molecular  weight,  and  in  the  elements 
aai  numbers  of  units  which  they  contain,  which  are  nevertheless 
totally  different  in  pbysicfd  and  chemical  properties.  To  account 
(or  this  difference  we  have  found  it  convenient  to  suppose  that, 
although  the  atoms  contained  in  the  two  or  more  kinds  of  molecules 
are  of  the  same  numbers  and  kinds,  the  atoms  are  In  different  reo- 
meMeal  ananffemant  towards  one  another.  Sometimes  one  of  these 
mbstances  can  be  made  directly  from  the  other,  and  this  gives  us 
that  variety  of  chemical  charge  which  was  named  internal  rear- 
rangement (p.  20).  Thus,  ammonium  cyuiate  NH4CNO,  when 
be^ed  in  aqueous  solution,  turns  into  urea  CO(NHt)i,  a  substance 
vith  totally  different  chemical  properties. 

finally,  the  atoms  of  uranium,  thorium,  radium,  and  some  other 
elements,  dUntecrate  ipontaaeoualx,  giving  off  atoms  of  helitmi  and 
electrons  (see  Radioactivity),  so  tliat  some  kinds  of  atoms  are 
unstable. 

To  sum  up:  Each  kind  of  atom  has  aspecific  mass,  and  consists 
u  a  whole  of  a  specific  kind  of  material.     E^ch.atom,  of  the  kinds 

-■    C.ooylc 
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that  can  enter  into  combination,  has  a  maximiim  eapadty  for  hold- 
ing other  atoms  (valence).  When  there  are  more  than  two  atoms  in 
the  molecule  of  a  oompound,  there  is  often  more  than  one  way  of 
connecting  them  so  as  to  satisfy  the  valence,  and  thus  two  or  more 
different  substances  of  the  same  composition  may  exist.  Some 
atoms  are  unstable,  and  we  know  something  of  the  structure  of  all 
atoms  (see  Chap.  XXII). 

Properties  f^  Compounds  not  Explained  by  Properties  qf 
Atoms.  —  In  one  direction,  namely,  that  of  accounting  for  the 
properties  of  compounds,  no  attempt  has  been  made  to  adapt  the 
atomic  viewpoint  so  as  to  explain  the  facts.  Thus,  two  hydrogen 
atoms  in  a  molecule  give  a  gas  almost  insoluble  in  water;  two  chlo- 
rine atoms,  a  gas  which  is  moderately  soluble;  but  one  of  each  ^ves 
hydrogen  chloride,  which  cUssolves  in  water  in  extraordinary  quan- 
tities. So  also,  coloriess  substances  ^ve,  by  chemical  union,  strongly 
colored  ones,  and  odorless  substances,  by  chemical  union,  strongly 
odorous  ones.  Putting  pieces  of  iron  and  sul[^ur  side  by  side 
causes  absolutely  no  change  in  the  properties  of  either.  And  yet 
the  atomic  viewpoint  compels  us  to  assume  that  if  the  particles  are 
made  fine  enough,  and  placed  close  enough  to  one  anothec,  the 
individual  properties  of  the  constituents  will .  entirely  disappear. 
Hitherto  we  have  failed  to  think  of  any  qualities  which  might  be 
attributed  to  the  atoms  in  order  to  account  for  facts  of  this  class. 
Why  should  oxygen  Oi  and  ozone  0*  be  eo  different  in  behavior 
although  the  atomic  viewpoint  bints  at  nothing  but  a  substitution 
of  three  atoms  for  two?  What  atomic  properties  shall  account  for 
the  difference  between  red  and  yellow  phosphorus? 

D^nitione  ShmUd  be  in  Experimenud  Terms.  —  Defini- 
tions are  often  stated  in  terms  of  atoms  and  molecules.  '  For  ex- 
ample: A  idiysioal  chaacs  ia  one  in  which  the  relations  amongst  the 
molecules  are  altered,  but  the  molecules  themselves  are  not  affected 
in  any  way;  while  a  chanttoal  cbancv  is  one  in  which  the  molecules 
themselves  are  decomposed,  or  their  contents  are  rearranged.  State 
this  definition  to  scone  one,  and  instruct  him  then  to  examine  a  vessel 
of  boiling  water,  with  the  definition  in  mind,  and  report  whether 
the  process  of  vaporization  ia  physical  or  chemical.  He  will  report 
that  he  could  not  perceive  either  molecules  or  atoms  in  the  vessel, 
and  therefore  cannot  answer  the  question.  Definitions  like  the 
above  can  be  memorized  and,  with  the  help  of  the  imagination,  they 
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can  be  understood,  but  they  are  not  directly  spfdicaUe  to  fuiy 
question  arising  in  the  laboratory. 

Agfiin,  tlu  Uv  of  deflnita  proportions:  Each  species  (^'moleculee 
contains  the  same  kind  and  number  of  atoms.  We  cannot  directly 
count  and  classify  the  atoms  in  ten  specimens  of  potassdum  chlorate, 
to  ascertain  whether,  in  this  respect,  they  are  all  alike.  Such  defi- 
nitions require  elaborate  translation  into  other  terms  before  they 
can  be  connected  with  any  practicable  method  of  verifyinR,  illus- 
trating, or  employing  them.  Chemistry  is  a  practical  subject,  and 
the  statement  and  definitions  should  all  be  in  t«rms  of  experimental 
f&cts  and  phenomena,  and  should  never  require  translation'  into 
other  terms  before  they  can  be  put  to  practical  use.  Hence  the 
definitions  we  have  ^ven  (qf.  p.  54)  have  all  been  in  teois  of  experi- 
ments. 

Exeraaea.  —  1.  The  chloride  of  a  new  element  contains  38.11 
per  cent  of  chlorine  and  61.89  per  cent  of  the  element.  The  vapor 
density  of  the  compound  referred  to  air  is  12.85.  What  is  the  atomic 
weight  of  the  element,  so  far  as  investi^tion  of  this  one  substance 
can  pve  it  (p.  261)?     What  is  its  valence? 

2.  In  future  nothing  but  molecular  fonnulfe  of  free  elements  must 
be  used  (p.  250).  Write  in  molecular  form  ten  of  the  equations  in- 
volving gases  which  are  found  in  the  preceding  chapters. 

3.  If  a  new  form  of  oxygen  were  found,  such  that  one  volume  of 
it  required  four  volumes  of  hydrc^en  to  produce  water,  what  would 
be  its  molecular  formula  (p.  2K2)?  What  would  be  the  weight  of 
22.4 1.? 

4.  What  volume  of  oxygen  at  10°  and  750  mm.  is  obtainable  by 
heating  50  g.  of  barium  peroxide  (pp.  82,  257)? 

5.  What  volume  of  oxygen  at  20°  and  760  mm.  is  required  to  con- 
vat  16  g.  of  iron  into  dehydrated  ruat  FejO*  (p.  257)? 

6.  Write  out  the  molecular  equations  for  the  interactions  of 
methane  and  chlorine  giving  CHgCl;  and  for  the  burning  of  phos- 
phorus (vapor)  in  oxygen  (p^257).  Deduce  the  volume  relations  of 
the  initial  substances,  and  of  the  products,  at  0°  and  100°  in  each 
case. 

7.  Write  out  the  molecular  equations  for  the  interactions  of 
acetylene  and  oxygen  (p.  259),  and  of  alcohol  vapor  (b.-p.  78°)  and 
ox}^en.  Deduce  the  volume  relations  of  the  initial  substances  and 
of  the  products  at  0°  and  at  100°  in  each  case. 

8.  The  molecular  weight  of  cyanogen  is  52.08.    What  is  it»  den- 
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uty  referred  to  air,  and  what  the  weight  of  1  1.  at  0°  and  760  mm.? 
It  contains  46.0S  per  cent  carbon  and  53.92  per  cent  nitrc^en.  What 
is  the  foTfnnla  of  the  substance  (p.  72)7  Exploded  with  oxygen  it 
fonns  carbon  dio^de  and  free  nitrogen.  Wb&t  will  be  the  relative 
volumes  of  the  materials  before  and  after  the  interaction  (p.  259)? 

9.  What  are  the  relative  weights  of  equal  volumes  of  hydrogen 
sulphide  HjS,  and  hydn^n  iodide  HI,  compared  with  ait  (p.  258)7 

10.  At  1700°  the  average  molecular  weight  of  phosphorus  is  91 
(p.  261).  What  percent^e  of  molecules  of  F*  has  been  dissociated 
intoPs? 

1 1 .  Show  that,  if  an  element  has  more  than  one  equivalent  w^ht, 
the  atomic  weight  must  be  some  multiple  of  eficb  of  the  equivaients 
by  a  whole  number. 

12.  Prove  that  16  is  preferable  to  8  for  the  atomic  weight  of 
oxygen,  because  the  smaller  number  involves  a  fractional  value  for 
the  atomic  weight  of  hydix^u. 

13.  In  previous  chapters  our  definitions  have  been  experimental. 
In  imitation  of  the  definitions  of  the  law  of  definite  proportions  and 
of  vfJence  (p.  264),  give  theoretical  definitions  of  the  following,  in 
termsof  the  atomic  hypothesis:  (a)  Multiple  proportions,  (&)  ch&a- 
ical  unit  weight,  (c)  molecular  weight,  (c^)  element,  (e)  compound, 
(/)  symbol,  (g)  formula,  (k)  equation. 

14.  Criticize  the  definitions:  (a)  The  atomic  wdght  of  an  ele- 
.ment  is  the  smallest  portion  of  that  element  which  takes  part  in 
chemical  change,  (b)  An  atom  is  the  smallest  particle  that  can  be 
conceived. 

15.  Define  all  the  varieties  of  chemical  change  (p.  21)  in  terms 
of  the  atomic  hypothesis. 
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CHAPTER  XIV 

THE  HALOGEH  TAHILT 
nuOEINX,   CHLOBIHX,  BBOHZHE,  lODm 

The  elements  to  which  we  have  so  far  devoted  most  attentioo  have 
been  oxygen,  hydrogen,  and  chloiine.  If  we  recall  the  chemical  prop- 
erties and  relations  of  these  elements  we  shall  recognize  the  fact  that 
they  all  possess  very  distinct  Individualities. 

The  Chemical  Relations  of  Elementa.  —  Hydrogen  is  the 
Bubetaoce  (p.  127)  which  unites  readily  with  oxy^n  and  chlorine,  less 
reacUly  with  other  non-metals,  and  scarcely  at  all  with  metals.  Oxy- 
gen and  chlorine  resemble  one  another  somewhat  in  the  greatness  of 
thtir  chemical  activity  and  the  variety  of  free  elements  with  which 
they  are  capable  of  uniting,  but  differ  markedly  in  what  we  have 
called  their  chemical  relations  (p.  226).  The  resulting  compounds 
belong,  in  fact,  to  quite  different  classes  — -  oxygen  forma  oxides,  chlo- 
rine forms  chlorides  —  and  slemsnts  ara  coiuid«rad  aimllaT  only  whsn 
they  rwamblo  cai«  another  In  chomlc&I  relatlona,  and  producs,  b;  com- 
Uaation  with  the  lame  element,  compounds  having  Btmllar  chemical 
ptipratleB.  Thus  the  common  oxide  of  hydrogen,  water,  is  a  neutral 
substance,  and  is  chemically  rather  indifferent.  The  chloride  of 
bydn^n  in  aqueous  solution  is  a  strong  acid  and  is  chemically  very 
active,*  If  all  the  other  chemical  elements  differed  from  one  another 
&B  much  as  do  these  three,  the  study  of  the  chemical  elements  would 
be  tedious  and  tiresome,  since  we  should  be  denied  the  satisfaction  of 
tracing  resemblances,  and  the  elements  would  be  incapable  of  classi- 
fication. In  reality,  however,  we  find  that  they  are  not  incapable  of 
being  grouped  together  in  sets.  They  are  classified  according  to  the 
Idnd  of  substances  with  which  they  combine  and  the  chemical  nature 
of  the  products.     In  some  families  the  resemblance  is  close,  in  others 

'  The  difference  between  oxides  and  chloridee  is  eeea  in  their  behavior. 
Iliua,  oxides  oftoi  unite  with  water  to  form  adds  or  bases  (p.  149).    Chlorides  do 
Dot  unite  with  water  to  form  new  substances  with  marked  characteriatios  {cf.  p. 
1S3).    The  chlorides  of  metallic  elements  are  designated  B«lU  (p.  214). 
367 
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less  dose.  The  present  group  is  of  the  former  class,  and  will  serve, 
therefore,  as  a  convenient  be^nning  in  the  work  of  tradng  relations 
between  the  elements  and  in  classifying  the  facte  of  descriptive 
chemistry. 

The  Chemical  Relations  of  the  Halogens.  —  The  bromide 
(NaBr),  iodide  (Nal),  and,  to  a  less  extent,  the  fluoride  (NaF),  of 
sodium,  resemble  sodium  chloride  (NaCl)  in  compo^tion,  appearance 
and  chemical  behavior.  From  this  fact,  chlorine,  bromine,  iodine, 
and  fluorine  are  known  as  the  hiloff«iis  (Gk.  SXs,  salt;  ytioAi;  to  pro- 
duce), and  their  compounds  are  named  the  lulldaa.  The  halogens,  as 
the  above  formulse  show,  are  univalent.  They  all  form  compounds 
with  hydrogen,  and  these  compounds  closely  resemble  hydr(^en  chlo- 
ride. For  example,  they  are  colorless,  they  are  gases  (with  the 
exception  of  hydrogen  fluoride  which  is  a  very  volatile  liquid),  they 
are  very  soluble  in  water,  and  their  solutions  are  acids.  Other  rela- 
tions will  be  given  in  a  summary  at  the  end  of  the  chapter. 

BROHINIi 

Occurrence.  —  The  compounds  of  chlorine,  bromine,  and  iodine 
usually  occur  together  in  nature,  while  the  compounds  of  fluorine  are 
not  found  in  the  same  sources.  Bromine  occurs  chiefly  in  the  form  of 
the  bromides  of  sodium  and  magnesium,  in  the  upper  layers  of  the 
natural  beds  of  rock  salt,  Liebig  made  it  from  this  source  and  a  little 
later  Ballard  (1826)  made  it  also  and  recognised  it  as  a  new  element. 

Preparation.  —  In  the  chemical  point  of  view  there  are  three 
distinct  ways  in  which  bromine  is  made.  1.  The  first  of  these  is  closely 
related  to  a  common  method  of  preparing  chlorine  (p.  220).  As 
hydrobromic  acid,  unhke  hydrochloric 
acid,  is  not  formed  extensively  in  connec- 
tion with  any  chemical  industry,  potas- 
slum  bromide  is  treated  in  a  retort  (Rg- 
94)  with  concentrated  sulphuric  acid,  and 
the  product  is  oxidized  with  powdered 
manganese  dioxide  in  one  operation.  For 
the  equation,  see  next  section.  Bromine  being  a  volatile  liquid, 
while  the  sulphates  of  potassium  and  manganese  are  involatile, 
its  vapor  passes  off  when  the  above  mixture  is  heated.  It  is  con- 
densed in  a  flask  or  a  worm-tube  surrounded  by  cold  water. 

2.  The  second  method  of  preparing  bromine  depends  on  the  fact 

_   t;oosic 
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that  chlorine  is  a  more  active  element  and  di»places  bromine  from 
combination.  When,  therefore,  chlorine  is  passed  into  a  solution  of 
potassium  or  sodium  bromide,  potassium  or  sodium  chloride  is  formed 
and  the  bromine  liberated: 

2NaBr  +  Ch  -*  2NaCl  +  Brj. 

When  the  liquid  is  warmed,  the  bromine  passes  off  aloD^  with  a  part 
ot  the  water,  and  may  be  condensed  as  before. 

3.  Aqueous  solutions  of  soluble  bromides  may  be  decomposed  by 
means  of  a  current  of  electricity.  The  bromine  is  set  free  at  the 
positive  electrode. 

The  bromine  of  commerce  ia  manufactured  in  the  first  two  of  these 
ways.  Two-thirds  of  the  world's  supply  is  obtained  from  Stassfurt, 
where,  after  the  extraction  of  the  potassium  chloride  from  the  impure 
camallite  KCl,MgCU,6HiO,  the  mother-liquor  is  found  to  contain 
the  more  soluble  sodium  and  magnesium  bromides  in  considerable 
quantities.  The  warm  mother-liquor  trickles  down  over  round  stone? 
in  A  tower.  The  chlorine  is  introduced  from  below  and  dissolves  in 
the  liquid.  The  bromine  is  thus  liberated  and  paascB  off  as  vapor. 
Our  supply  of  bromine  is  obtained  from  the  brines  of  MichiRun, 
Ohio,  West  Virginia,  and  Kentucky.  Here  the  liquid,  after  most  of 
the  common  salt  has  been  removed  by  crystallisation,  is  assayed  to 
ascertain  the  quantity  of  bromine  which  it  contains.  It  is  then 
treated  with  the  calculated  amount  of  sulphuric  acid  necessary  for  the 
action,  and  manganese  dioxide  is  added  gradually.  In  Michigan  the 
brines  are  treated  with  electrolytic  chlorine.  The  quantity  produced 
in  America  in  1914  was  288  short  tons. 

Partial  Eqtuttiona,  a  Plan  for  Making  Complex  Equations. 

—  When  an  equation  involves  more  than  two  initial  substances  or 
products,  as  does  the  one  given  alcove  for  the  first  method  of  preparing 
brfimine,  it  cannot  readily  be  worked  out  by  the  method  formerly 
recommended  (p.  73).  After  the  formulse  of  all  the  substances,  on 
both  ades,  have  been  set  down,  it  is  difficult  to  hit  upon  the  proper 
numerical  factors  required  to  lialance  the  equation.  In  such  cases 
&  good  plan  is  to  select  two  of  the  initial  substances  and  make  a  partial 
xputloQ  sbomng  part  of  the  action  and  including  at  least  one  actual 
product.  Any  unused  units  (not  constituting  a  product)  are  then  set 
down  also  and  treated  as  a  balance.  Thus  the  first  two  of  the  sub- 
stances named  will  furnish  potassium-hydrogen  sulphate; 
Partwl,  1 :  KBr  -H  HjSOi  -» KHSO*  (-1-  HBr).  (1) 
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Similaily,  the  manganese  dioxide  and  sulphuric  acdd  will  pre  man- 

ganous  sulphate: 

Partial,  2:      MnO»  +  H^04-*MiiS0i  +  H,0  (+ O).  (2) 

We  then  permve  that  the  bromlQe  muBt  come  from  the  oxidation  of 

the  first  balance  by  the  second: 

Partial,  3 :  (2HBr)  +  (O)  -^  H,0  +  Br,.  (3) 

The  third  partial  equation  shows  that  2HBr  will  be  needed  for  the 
amount  of  O  obtainable  from  MnOi,  so  we  go  back  to  (1)  and  multiply 
it  by  two  throughout: 

2KBr  +  2H,S04  -*  2KHS0*  (+  2HBr)  (1) 

MnOj  +  HSO^   -*  MnSO«  +  HsO  (+  O)  (2) 

(2HBr)  +  (0)        ->  HjO  +  Br, (3) 

2KBr  +  SHjSO,  +  MnOi  ->  2KHSO4  +  MnSO*  +  2H2O  +  Br, 

When  we  now  add  the  real  Bubatwicea  used  and  produced,  aa  they 
occur  in  these  partial  equations,  and  leave  out  the  balances,  which 
have  been  adjusted  so  as  to  cancel  one  another,  we  obtain  the  final 
equation  for  the  action.  It  must  be  observed  that  this  subdivi^on 
of  the  action  int«  parts  is  a  purely  arithmetical  device,  used  solely  to 
simplify  the  arithmetical  process  of  writing  the  equations,  and  is  not 
intended  to  imply  that  the  chemical  change  itself  follows  these  or, 
indeed,  any  stages.  It  happens  that  the  three  partial  equations  we 
have  used  in  this  illustration  all  represent  interactions  which  can  take 
place  separately.  But  the  arithmetical  value  of  the  device  does  not 
depend  upon  this.  The  partial  equations  made  for  purposes  like  the 
present  one  are  often  purely  fictitious.  It  is  still  true,  however,  that 
we  are  aided  in  the  selection  of  partial  actions  at  each  step  by  follow- 
ing some  plausible  theory  as  to  stages  for  the  action  which,  if  there 
were  any,  would  be  chemically  conceivable. 

Physical  Properties.  —  Bromine  is  a  dark-red  liquid  (sp.  gr. 
3.18) .  It  boils  at  59°,  forming  a  deep-red  vapor,  and  even  at  ordinary 
temperatures  gives  a  high  vapor  pressure  (150  mm.  at  18°)  and  evapo- 
rates quickly.  When  cooled  it  forms  red,  needle-shaped  crystals 
(m.-p.  —  7.3°).  A  saturated  aqueous  solution  (bromln6-irat«r)  at 
ordinary  temperatures  contains  3  parts  of  bromine  in  100  parts  of 
water.  The  element  is  much  more  soluble  in  carbon  bisulphide, 
alcohol,  and  other  organic  solvents.  Up  to  750°,  the  G.M.V.  weighs 
160  g.,  corresponding  to  Brt,  against  28.955  for  ur. 
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Bromine  (Gk,  /3p£juoi,  a  stencii)  has  a  moet  pungent  odor.  It  has 
a  very  initatii^  effect  on  the  mucous  membrane  of  the  nostrils  and 
throat.  If  spilled  upon  the  hands  it  has  a  moet  destructive  action 
upon  the  tissues  and  leaves  aores  which  are  liable  to  infection. 

Free  bromine  has  no  effect  upon  starch  emulsion  (see  Iodine). 

Chemical  Properties.  —  The  molecules  of  bromine  are  less 
stable  than  are  those  of  hydrogen,  oxygen,  or  chlorine.  At  1050°  the 
G.M.V.  weighs  150.5,  and  dissociation  into  Br  has  begun. 

Bromine  unites  directly  with  hydrogen  to  form  hydrogen  bromide 
HBr,  but  the  mixture  of  the  gases  is  not  explodve,  and  the  union  is 
much  slower  than  in  the  case  of  chlorine. 

Bromine  forms  compounds  directly,  both  with  non-metals,  like 
phosphorus  and  arsenic,  and  with  most  of  the  metals,  which  catch 
Gie  when  thrown  into  the  vapor.  Towards  unsaturated  substances 
and  organic  compounds  it  behaves  like  chlorine  (q.v.).  In  all  cases 
the  interaction  is  less  violent  than  when  chlorine  is  used,  and  the 
element  is  displaced  from  combination  with  hydrogen  and  with  the 
metals  by  free  chlorine. 

Silver  brconide  is  the  senative  material  in  photographic  i^tes, 
and  potassium  and  sodium  bromides  are  used  as  sedatives  in  medicine. 
Bromine  is  required  in  lai^e  quantities  in  the  manufacture  of  inter- 
mediate products  used  in  the  preparation  of  organic  dyes. 

Htdikhien  Bromide  HBb 

^repartition.  —  It  might  be  expected  that  the  moet  convenient 
way  of  producing  this  compound  would  be  similar  to  that  used  in  pre- 
paring hydrogen  chloride,  namely,  by  the  action  of  concentrated  sul- 
phuric acid  upon  some  common  bromide  such  as  potassium  bromide 
(KBr  +  H,S04F*HBr+KHS0,).  We  find,  indeed,  that  at  firat 
a  colorless  gas  is  given  off,  which  fumes  strongly  in  the  air  just  like 
hydrogen  chloride,  and  is  the  required  substance.  Almost  immedi- 
ately, however,  the  gas  acquires  a  yellow  and  then  a  brown  tinge,  and 
we  discover  that  free  bromine  is  being  produced  at  the  same  time.  If 
we  examine  the  gas  still  further,  we  recognize  also  the  presence  of 
Bulphur  dioxide.  It  is  impossible,  therefore,  to  produce  hydrogen 
bromide  free  from  those  two  impurities  by  this  action. 

The  origin  of  the  bromine  and  sulphur  dioxide  which  complicate 
this  chemic^  change  may  readily  be  traced.  Hydrt^en  bromide  is 
^  iiMe  than  hydn^n  chlori<k,  and  its  hydn^n  can  more  easily 
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be  removed  by  the  action  of  substances  cont^ning  oxygen.  In  this 
caae  the  sulphuric  acid  acts  as  the  oxidizing  agent,  yielding  oxygen, 
sulphur  dioxide,  and  water  (H^O*  -*  O  +  SO*  +  HtO).  Thus  the 
two  extra  gaseous  products  are  seen  to  be  formed  by  a  change  pro- 
ceeding parallel  with  the  main  action: 

2HBr  +  H,S0|->2H,0  +  SO,T+  BrJ. 

The  ilinultanMUB  oeoumncv,  in  this  fashion,  of  two  more  or  leas 
Indepflndvnt  actloiu  in  the  same  vessel  is  not  uncommon.  Since  the 
HBr  is  first  liberated,  and  then  oxidised,  these  two  actions  are  called 
conwcutiTB  actions.  The  speeds  of  such  actions  may  be  differently 
affected  by.  temperature.  Thus,  here,  the  second  action  seems  to 
become  more  extensive  as  the  temperature  rises  (see  Chap.  XXIII). 

Since  all  acids  decompose  all  salts  more  or  less,  by  use  of  an  acid 
which  does  not  f^ve  up  its  oxygen  so  readily,  such  as  phoephoric  acid, 
pure  hydrogen  bromide  may  be  obtained  (KBr  +  HjPO»  — *  HBr  4- 
KHjPOi).  The  small  solubility  of  the  salt  in  concentrated  i^oephoric 
acid  retards  the  interaction  (p.  207)  and  makes  the  evolution  of  the 
gas  very  slow,  however. 

Pur»  tajrdrogai  bromida  Is  beat  prapand  by  hydrolysis  (p.  210)  of 
phosphorus  tribromide.  When  bromiae  and  phosphorus  are  mixed, 
a  violent  union  of  the  two  elements  takes  place,  producing  phosphorus 
tribromide  PBrj.  This  substance,  which  is  a  colorless  liquid,  is  in 
turn  broken  up  with  great  ease  by  water,  producing  phosphorous  acid, 
which  is  not  volatile,  and  gaseous  hydrogen  bromide: 


Br  HOH 
Br  +  H  OH 
Br HOH 


/OH 
-.3HBr  +  P-0H 


In  practice,  those  two  actions  are  carried  on  simultAneoudy.  To 
diminish  the  vigor  of  the  interaction,  red 
phosphorus  is  taken  instead  of  yellow,  and 
is  mixed  with  two  or  three  times  its  weight 
of  sand  in  a  flask  (Fig.  95).  A  small  qa&n- 
tity  of  water  b  added.  Excess  of  water 
must  be  avoided,  as  the  hydrogen  bromide 
produced  is  extremely  soluble,  and  would- 
therefore  be  retained  in  the  flask  instead 
of  bang  disengaged  as  gas.  The  bromine 
is  placed  in  the  dropping  funnel,  and  ad- 
mitted, a  little  at  a  time,  to  the  mixture.    The  gas  produced  is 
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pBSBed  throagh  a  U-tube  containing  glass  beads  mixed  with  red  pbos- 
phonis.  The  latter  combines  with  any  bromine  which  may  have 
escaped  chemical  change  and  has  been  carried  along  with  the  gas. 
The  second  U-tube,  containing  water,  may  be  attached  when  a  solu- 
tion of  the  gas  is  required.  The  gas  may  be  collected  in  a  jar  by 
upward  displacement  of  air. 

Physical  Propertiea.  —  Hydn^en  bromide  is  a  colorless  gas 
with  a  sharp  odor.  It  is  two  and  a  half  limes  as  heavy  as  air  (molar 
weight,  81  g.).  It  is  easily  reduced  to  the  liquid  condition  (b.-p. 
-  69°).  It  is  exceedit^ly  soluble  in  water,  and  in  contact  with  moist 
air  condenses  the  water  vapor  to  a  f c%  of  liquid  particles.  When 
diKtiiled,  the  solution  in  water  behaves  hke  that  of  hydrogen  chloride 
{p.  211).  It  loses  mainly  either  water  or  Hydn^en  bromide,  accord- 
ing as  it  is  dilute  or  exceedingly  concentrated,  until  an  acid  of  con- 
stant boiling-point  (126°  at  760  mm,  pressure),  containing  48  per  cent 
of  hydrogen  bromide,  passes  over.  Pure  hydrogen  bromide,  whether 
in  the  gaseous  condition  or  in  the  Uquefied  form,  is  a  nonconductor  of 
electricity. 

Chemical  Properties.  —  The  chemical  properties  of  hydrogen 
bromide  are  similar  to  those  of  hydrogen  chloride  (p.  212),  It  is  some- 
what  less  stable,  and  dissociation  into  its  constituents  begins  to  be 
noticeable  at  800°.  When  free  from  water,  it  is  not  an  acid  (see 
below).  The  gaa  interacts  vigorously  with  chlorine,  hydrogen 
chloride  and  free  bromine  being  produced,  and  much  heat  is  evolved 
by  the  change,  2HBr  +  CU  ->  2HCI  +  Brj,  The  heat  produced  by 
tie  union  of  hydrogen  and  bromine  vapor  is  12,100  calories.  This  is 
much  less  than  the  amount  produced  by  the  union  of  chemically  equiv- 
alent quantities  of  hydrogen  and  chlorine  (22,000  calories).  When 
chlorine  displaces  bromine  from  hydrogen  bromide,  the  heat  evolved 
is  found  to  be  the  difference  Ijetween  these  two  numbers.  Usii^  the 
rule  of  constant  heat  summation  (p.  100),  we  write  equation  (2)  so  that 
HBr  is  OD  the  same  side  with  CI  (with  which  it  interacts),  and  the 
products  of  the  equation  required  (HCl  and  Br)  are  both  on  the  right : 
H  +  Cl     ->HC1  +  22,000  cal.  (1) 

HBr  ^  Br  +  H     -  12,100  cal,  (2) 

Adding,  HBr-|-Cl-*HCl  +  Br+    9900  cal. 

The  12,100  calories  are  produced  by  the  union  of  gaseous  bromine 
with  hydrogen,  and  the  final  result  is,  therefore,  that  for  the  produc- 


tion  of  gaseous  bromine.     If  the  heat  of  formatioii  of  liquid  h 

is  required,  the  latent  heat  of  vaporization  of  bromine  (7296  calories), 

which  will  be  evolved  when  the  element  condenses,  must  be  added. 

Chemical  Properties  qf  Hydrobromic  Add  HBr,  Aq.  —  The 

solution  of  the  hydrogen  bromide  in  water  is  an  active  acid  {^. 
p.  212).  It  conducts  electricity  extremely  well.  In  contact  with 
metals  above  hydn^en  in  the  order  of  activity  (p.  129),  and  with 
oxidee  of  metals,  and  hydroxides  of  metals,  it  behaves  exactly  like 
hydrochloric  acid  (p.  213).  In  the  first  case,  hydrc^en  is  set  free  and 
the  bromide  of  the  metal  produced.  In  the  other  two  cases,  water 
and  the  bromides  of  the  metals  are  produced.  Forexample:  Zn(OH)i 
+  2HBr  — t  ZnBrj  +  2HjO.  Oxictizing  agents  set  bromine  free  from 
hydrobromic  acid,  even  sulphuric  acid,  which  does  not  act  upon  hydro- 
chloric acid,  bdng  able  to  produce  this  result.  Chlorine  dissolved  in 
water  displaces  bromine  from  hydrobromic  acid  and  from  soluble 
bromides  with  ease  {feat  for  bromides). 

lODIKB  Ij 

Occurrence.  —  Iodine,  like  bromine,  occurs  in  sea^water,  al- 
though in  much  smaller  quantities.  About  one-fifth  of  it  is  in  living 
algee  and  four-fifths  in  soluble  organic  compounds,  presumably  de- 
composition products  from  dead  algie,  and  little  as  mineral  iodides. 
Certain  species  of  sea-weed,  known  in  Scotland  as  kelp  and  in  Nor- 
mandy as  varec,  remove  it  from  water,  and  use  it  as  a  constituent  in 
complex  Clonic  compounds  which  they  contain.  The  asb  of  the 
sea-weed  sometimes  contains  as  much  as  two  per  cent,  or  even  more. 
The  chief  source  of  iodine,  however,  is  Chile  saltpeter  NaNOt,  in 
which  it  is  present  in  the  form  of  0.2  per  cent  of  sodium  iodate  NalOt. 
The  lai^est  proportioa  of  iodine  in  the  human  body  is  in  the  thyroid 
gland.  In  diseases  like  goitre  and  cretinism,  where  the  thyroid  is 
ill-developed,  injection  of  a  substance  called  lodotbyrlns,  extracted 
from  sheep's  thyroids,  produces  marked  improvement. 

Preparation.  —  1.  In  factories  where  the  iodine  is  extracted 
from  sea-weed,  the  latter  is  carbonized  in  retorts.  The  re»due  is 
extracted  with  water,  and  the  solution  is  evaporated  so  as  to  permit 
the  depo^tion  of  the  sodium  chloride  and  sodium  sulphate  which  it 
contains.  The  sodium  iodide,  being  very  soluble,  remains  in  the 
mother-liquor.     This  is  then  treated  with  manganese  dioxide  and 

_     Coosic 


THE  HALOGEN  FAMH^Y  275 

Bulphuric  acid.  The  quantity  of  manganese  dioxide  is  carefully 
measured  so  as  to  be  just  sufficient  to  set  free  tbe  iodine  contained  in 
the  liquid,  without  proceeding  farther  to  the  liberation  of  the  chlorine 
Trhich  it  contains  in  much  larger  amounts.  When  the  mixture  is 
heated,  the  iodine  passes  off  in  the  form  of  vapor,  and  is  condensed  in 
&  suitable  receiver.     The  action  ((/.  pp.  220,  270)  is: 

2NaI  +  MnO,  +  3H,S0*  ->  MnSO*  +  2NaHS0*  +  2H,0  +  I,  t . 

2.  In  France  tbe  treatment  is  similar,  excepting  that  chlorine  is 
used  to  liberate  the  iodine  in  the  last  stage  (2NaI  +  Clj  -*  2NaCl  + 
It).  Tbe  quantity  is  adjusted  so  that  excess  may  not  be  employed. 
The  iodine,  beii^  insoluble,  forms  a  dense  precipitate  and,  when  the 
liquid  is  pressed  out,  it  remains  behind  in  the  form  of  a  paste. 

3.  Electricity  could  also  be  used  for  the  decomposition  of  this 
oiother-liquor.     The  iodine  is  set  free  at  the  positive  electrode. 

4.  When  the  sodium  nitrate  has  been  crystallized  out  of  the 
aqueous  extract  from  the  Chile  saltpeter,  tbe  motber-hquor  is  treated 
with  sodium  sulphite  and  sodium  bisulphite: 

2NaI0,  +  SNasSO,  +  2NaHS0,  -» SNa^SO,  +  H,0  +  It  I . 

Tbe  iodine,  being  insoluble,  is  precipitated. 

In  all  cases  the  iodine  is  purified  by  distillation  with  a  Uttle 
powdered  potassium  iodide.  It  condenses  in  the  solid  form  directly, 
in  glittering,  black  plates  (sublimed  iodine).  The  distillation  of  a 
solid  body,  when  a  condensation  takes  place  directly  to  the  solid  form, 
is  spoken  of  as  lubUmatlon. 

Physical  Properties.  —  Iodine  (Gk.  bci8i}t,  like  a  violet)  is  a 
solid  substance  (sp.  gr.  5),  exhibiting  large,  black  crystalline  plates  of 
rhombic  form.  It  melts  at  114°,  and  boils  at  184°.  The  vapor  has  at 
first  a  reddish-violet  tint  and,  on  being  more  strongly  heated,  be- 
comes deep  blue  (see  next  section). 

Iodine  is  very  sUghtly  soluble  in  water  (about  1:6000)  and  the 
solution  baa  a  scarcely  perceptible  brown  tint.  It  is  much  more 
Boluble  in  carbon  disulphide  (p.  189)  and  in  chloroform,  in  which  it 
p-vea  violet  solutions.  In  alcohol  and  ether  it  gives  solutions  which 
are  brown.  The  brown  color  is  attributed  to  the  fact  that  the  Iodine 
iB  in  a  condition  of  feeble  combination  and  not  simply  in  solution. 
These  liquids  become  violet  when  heated.  An  aqueous  solution  of 
potasfium  iodide,  hydrogen  iodide,  or  any  other  iotUde,  has  Ukewise 
the  power  to  take  up  large  quantities  of  iodine.    Here  the  formation 
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of  definite  compounds  (such  as,  KI  +  Iij^KIj),  by  a  reverable 
action,  accounts  for  the  amount  of  iodine  which  appears  to  be  in 
solution. 

The  behavior  of  free  iodine  towards  starch  forms  a  distinctive  tart 
for  both  substances  (c/.  p.  6).  When  the  pale-brown  aqueous  solu- 
tion, for  example,  is  added  to  a  filtered  starch  emulsion,  a  dee[>-blue 
color  is  produced.  The  same  action  is  used  as  a  teat  for  starch.  This 
blue  material  is  not  a  chemical  compound.  The  iodine  is  adsorbed 
by  the  starch,  which  is  in  colloidal  suspeo^on  (^.ti.). 

Chemical  Properties.  —  The  molecular  weight  of  iodine,  as- 
certained by  welgliing  the  vapor  at  temperatures  from  the  boiling- 
point  up  to  700°,  is  253.8.  The  atomic  weight  being  126.92,  the 
molecule  contains  two  atoms.  Beyond  700°,  the  vapor  diminishes  m 
density  more  rapidly  than  Charles'  law  would  lead  us  to  expect,  and 
at  1700°  the  molecular  weight  has  fallen  to  127  (cf.  p.  261).  As  the 
vapor  is  heated,  a  larger  and  larger  proportion  of  the  molecules  is 
broken  up,  until  the  decomposition  has  become  complete.  Aa  in  all 
,  cases  of  dissociation,  when  the  vapor  is  cooled  the  atoms  recombine 
to  form  molecules.  This  is  the  most  notable  case  in  which  we  en- 
counter both  the  monatomic  and  the  diatomic  forms  of  the  same 
element.  The  heat  given  out  when  the  atoms  reunite  to  form  the 
molecules  is  very  considerable  (21  i:±  I^  +  28,500  cal.),  indicating  that 
the  chemical  union  of  two  atoms  of  identical  nature  may  be  as  vigor- 
ous as  timt  of  two  atoms  of  different  chemical  substances.  The  heat 
of  union  of  atomic  hydrogen  (p.  253),  however,  is  even  greater 
(2H  ?=£  Hj  +  90,000  cal.  at  const,  press.).  The  monatomic  and 
diatomic  forms  of  iodine  should  be  distinct  chemical  substances,  and 
if  the  investigation  of  the  tiehavior  of  the  former  were  not  hampered 
by  the  very  high  temperature  at  which  alone  it  exists,  it  would  doubt- 
less be  found  to  exhibit  different  chemical  properties. 

Iodine  unites  very  slowly  with  hydrogen.  Iodine  unites  directly 
with  some  non-metals  and  with  the  majority  of  the  metals.  When 
phosphorus  is  presented  in  the  yellow  form,  the  action  takes  place 
spontaneously  without  the  assistance  of  heat.  Both  chlorine  and 
bromine  displace  iodine  from  combination  with  hydrogen  and  the 
metals  (2HI  +  Bri -*2HBr  +  Ii).  The  action  may  be  brought 
about  either  with  the  substances  in  dry  form  or  with  their  aqueous 
solutions. 

Iodine  in  water,  fike  chlorine  in  water,  constitutes  fua  oxidizing 
agent,  although  the  former  is  much  the  feebler  of  the  two.     The 
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hypo-iodooB  acid,  formed  in  minute  amounts  at  a  time,  converts  sul- 
I^uTous  a«id  (g.p.)  into  sulphuric  acid: 

Ii  +  H,0  i=iHI  +  HIO. 
HIO  +  H,SO,  -» HI  +  H2SO4. 
In  analytical  chemistry  a  solution  of  iodine  in  potaBdum  iodide, 
containing  a  known  proportion  of  dissolved  iodine  (a  itandard 
solution),  is  used  for  estimating  the  quantity  of  an  oxidizable  sub- 
stance present  in  a  given  specimen.  The  amount  of  oxidizable  sub- 
stance present  is  measured  by  the  quantity  of  the  standard  iodine 
aolution  which  can  be  decolorized  and  suffer  removal  of  its  iodine. 
This  method  is  known  as  lodimotiT. 

Iodine  and  its  compounds  are  much  iised  in  the  arts  and  in  medi- 
ae. Iodine  is  applied  in  alcoholic  solution  (tincture  of  iodine)  for 
the  reduction  of  some  swellings,  and  as  an  antiseptic.  It  is  required 
in  making  iodoform  CHI3,  and  the  iodides  of  potasdum,  rubidium, 
and  sodium,  which  are  used  in  medicine.  Hydriodic  acid  HI,  Aq  is 
used  to  promote  secretion  in  the  lymphatic  system.  The  emulsion 
used  in  making  photographic  dry-platea  contains  ^ver  iodide  Agl. 

Htdbooen  Iodide  HI 

Preparation.  —  The  direct  union  of  hydrogen  and  iodine  can- 
Dot  .be  employed  in  preparing  pure  hydrogen  iodide  (see  p.  306). 
The  union  is  slow,  and  incomplete.  At  445°,  only  79  per  cent  of  the 
elements  xmite,  because  the  action  is  reversible. 

The  action  of  concentrated  sulphuric  acid  upon  potassium  or 
sodium  iodide  is  equally  inapplicable.  In  this  case,  as  in  that  of 
hydrogen  bromide  {p.  272),  the  hydrogen  halide  reduces  the  sulphuric 
acid,  and  much  free  iodine  is  lormed.  Here,  on  account  of  the  greater 
ease  with  which  hydrogen  iodide  parts  with  its  hydrogen,  the  reduc- 
tion of  the  sulphuric  acid  is  much  more  complete,  the  product  being 
hydrogen  sulphide  HjS.  The  actions,  which  are  consecutive  (p.  272), 
are: 

KI  +  H,S04  5iHH-KHS04  and  H,S04-|-8Hl'-»H^-f  4H»0-|-4I,. 
As  soon  as  the  beat  produced  by  the  action  has  raised  the  temperature 
Bufficieutly,  hardly  any  of  the  hydrogen  iodide  escapes  oxidation.* 

*  Wlien  much  sulphuric  acid  is  uaed,  sulphur  dioxide  and  free  sulphur  are 
famed  also.  Thia  is  in  consequeace  of  a  secondary  action  of  the  hydrogen  sul- 
phide, as  it  ponefl  up  through  the  excess  of  sulphuric  add,  and  of  the  sulphur 
'&«de  BO  formed  upon  Uie  excess  of  hydrc^en  sulphide  (q.v.): 

Hi8  +  H,SO.-»2Hrf)+8+80b         SO,  +  2H,S -»  3S  +  2H,0. 
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Powdered  sodium  iodide  and  cooceatrated  pbospboric  add  {tf. 
p.  272),  when  warmed,  give  pure  hydrogen  iodide  very  slowly: 
Nal  +  H»PO*  fi  HI  T  +  NaH^O*.  This  action  was  formerly  used 
in  preparing  the  gas. 

The  bett  metbod  is  (Hie  similftr  to  that  described  under  hydn^en 
bromide.  Phosphorus  and  iodine  unite  directly  to  form  Pig.  This  is 
a  yellow  soUd  which  is  violently  hydrolyzed  by  water  and  gives  phos- 
phorous acid  and  hydrogen  iodide: 

PI,  +  3H,0  ->  P{OH),  +  SHI  T  . 

If  excess  of  water,  which  dissolves  hydn^eu  iodide,  is  avoided,  the 
latter  goes  off  in  a  continuous  stream  in  a  gaseous  condition.  The 
mixture  of  iodine  (in  excess  of  the  amount  required  for  PIj)  and  red 
phosphorus  is  placed  in  the  fiask  (Fig.  95)  and  the  wat«r  in  the 
funnel. 

Still  anothw  method  of  making  hydrogen  iodide  is  frequently 
employed  when  a  solution  of  the  gas  in  water  is  required,  and  not  the 
gas  itself.  Powdered  iodine  is  suspended  in  water,  and  hydrogen  sul- 
phide gas  iq.v.)  is  introduced  through  a  tube  in  a  continuous  stream. 
The  iodine  dissolves  slowly  in  the  water,  Ij  (solid)  j=t  I]  (dslvd),  and 
acts  upon  the  hydrogen  sulphide,  which  likewise  dissolves,  HjS  (gas)*:^ 
H»S  (dslvd).  Sulphur  separates  in  a  fine  powder,  S  (dslvd)  ^S 
(solid),  and  hydrogen  iodide  is  formed  in  accordance  with  the  equa- 
tion: 

H^  +  I,-»2HH-Si. 

This  action  takes  place,  however,  only  in  presence  of  water,  although 
the  water  does  not  appear  in  the  equation.  The  solution  is  freed  from 
the  deposit  of  sulphur  by  filtration,  and  may  be  concentrated  to  57 
per  .cent  of  hydriodic  acid  by  distilling  oft  the  water. 

The  theory  of  the  last  method  is  worthy  of  attention.  It  will  be 
seen  that  while  iodine  has  little  tendency  to  unite  with  free  hydrogen, 
it  is  here  able  to  decompose  a  compound  containing  hydrogen,  in  order 
to  secure  this  element.  It  is  enabled  to  do  this  by  the  fact  that  the 
very  large  amount  of  heat  given  out  by  the  mere  solution  of  hydrogen 
iodide  in  water  converts  the  action,  which  would  otherwise  be  endo- 
thennal,  into  an  exothermal  one.  In  the  absence  of  water,  the  reverse 
of  the  above  action  takes  place  with  ease.  In  presence  of  water, 
however,  the  great  beat  of  solution  (p.  202)  of  the  hydrogen  iodide 
(+ 19,200  cal.)  more  than  balances  the  heat  absorbed  by  the  chemical 
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fihange,  and  the^action  aa  a  whole  takes  place  with  evolutioD  of  heat 
{file,  also,  Preparation  of  hydit^en  sulphide) : 

2HI  (dry)  +  S  -» H,S  +  !» +  14,200  cal. 
HjS,  Aq  +  Ii  -*  2HI,  Aq  +  S  +  19,600  cal. 

Phymcal  Properties.  —  Hydn^n  iodide  is  a  colorless  gae  with 
a  sharp  odor.  Ite  molecular  weight  is  128,  and  it  is  therefore  much 
heavier  than  (ur,  the  average  weight  of  whose  molecules  is  28.955 
(p.  233).  It  is  a  nonconductor  of  electricity,  both  in  the  gaseous 
uid  in  the  liquefied  conditions.  It  is  exceedingly  soluble  in  water,  so 
that  at  10°  tMrty  grams  of  water  will  absorb  seventy  grams  of  the  gaa, 
pving  a  70  per  cent  solution  (425  vols.  :  1  Aq).  The  behavior  of  this 
solution  is  similar  to  those  of  hydn^en  chloride  and  hydrogen  bro- 
mide ((^.  pp.  211,  273).  The  mixture  of  constant  boiling-point  distils 
over  at  127°  (at  760  mm.),  and  contains  57  per  cent  of  hydrogen  iodide. 

Chemical  Properties.  —  Hydn^n  iodide  is  the  least  stable  of 
the  hydrogen  halides.  When  heated  it  begins  vidbly  (violet  color  of 
iocUne  vapor)  to  decompose  into  its  constituents  at  180°.  On  account 
of  the  ease  with  which  it  parts  with  the  hydrogen  which  it  contuns,  it 
can  be  burned  in  oxygen  gas,  4HI  +  Oa  — >  2HiO  +  2I».  When  the- 
gas  is  mixed  with  chlorine,  a  violent  chemical  change,  accompanied  by 
a  flash  of  hght,  occurs,  the  iodine  is  set  free,  and  hydrogen  chloride  is 
produced,  CI*  +  2HI  — »  2HCI  +  Ij.  Bromine  vapor  will  similarly 
displace  the  iodine  from  hydrogen  iodide. 

Chemical  ProperHet  oj  Hydriodic  Acid  HI,  Aq.  —  In  most 
respects  the  aqueous  solution  behaves  exactly  like  hydrochloric  and 
hydrobromic  acids.  With  oxidizing  agents,  for  example,  such  as 
manganese  dioxide,  it  gives  free  iodine,  just  as  the  others  j^ve  free 
chlorine  and  bromine,  respectively.  Here,  however,  the  oxidation  is 
80  much  more  easily  carried  out,  that  it  is  slowly  effected  by  atmos- 
pheric oxygen,  bo  that  hydriodic  acid  left  exposed  to  the  air  gradually 
becomes  brown:  Oj  -|-  4HI  -*  2H,0  +  21,.  The  free  io^e  remains 
dinolved  in  the  hydrogen  iodide,  in  the  form  of  the  compound  HI». 
I'^nally,  however,  the  free  iodine,  as  its  quantity  becomes  greater,  and 
that  <rf  the  hydrogen  iodide  smaller,  is  deposited  in  crystalline  con- 
ditioD.  On  account  of  the  ease  with  which  hydriodic  acid  parts  with 
its  hydrt^en,  it  is  frequently  used  in  chemistry  as  a  reducing  agent. 

Although  the  dry  gas  is  not  an  acid,  the  solution  has  all  the  ordi- 
nary properties  of  this  class  of  substances  (c/.  p.  117).    The  hydrc^en 
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may  be  displaced  by  metals  like  zinc  and  magneaium  (p.  118).  The 
acid  interacts  with  oxides  and  hydroxides,  fonning  iodides  and  water 
(p.  213). 

Fltjorinb  Fj 

The  discuaolon  of  this  element  should  logically  have  preceded  that 
of  chlorine,  dnce  it  is  of  all  the  members  of  the  halogen  family  the 
most  active.  Chlorine  was  taken  up  first,  however,  because  its  com- 
pounds are  more  familiar.  Fluorine  is  found  in  nature  chiefly  in  the 
mineral  fluorite  (calcium  fluoride)  CaFj,  in  cryolite,  a  double  fluoride 
of  aluminium  and  sodium  AlF),3NaF,  and  in  apatite  (^.f.)-  It  is 
found  also  in  small  amounts  in  bones  (especially  the  teeth). 

Preparation.  ^—  When  a  solution  of  hydrofluoric  acid  is  heated 
with  manganese  dioxide,  oxidation  does  not  occur  and  free  fluorine 
is   not  produced.      Until   1886  all  efforts  to  isolate  the  element 
failed.     It  was  perfectly  understood  that  the 
reason  of  these  failures  lay  in  the  greater 
chemical  activity  of  fluorine,  which  made  it 
more  difficult  of  separation  from  any  state 
of  combination  than  the  other   halogens. 
Its   preparation   was   finally   achieved   by 
Moissan   (1886)  by  the  decomposition   of 
I  anhydrous  hydrogen  fluoride,  which  is  liquid 

below  19°,  by  mean^  of  electricity.  The 
apparatus  (Fig.  96)  is  made  of  copper,  which, 
after  receiving  a  thin  coating  of  the  fluoride, 
is  not  further  affected.  To  reduce  the 
tendency  to  chemical  union,  the  whole  is 
immersed  in  a  bath  giving  a  temperature 
of  —23°.  The  electrodes  are  made  of  an 
alloy  of  platinum  and  iridium,  which  is  the 
only  substance  that  can  resist  the  action  of 
P„  gg^  the  fluorine  when  freshly  Uberated  by  the 

electric  current.  Hydrogen  fluoride,  like 
other  hydrogen  halides,  is  a  nonconductor  of  electricity,  and  a  small 
quantity  of  potassium-hydrogen  fluoride  KHFi  has  to  be  added  to  en- 
able the  current  of  electricity  to  pass.  The  fluorine  is  set  free  at 
the  positive  electrode,  and  hydrogen  appears  at  the  negative.  The 
U-tube  is  closed  after  the  introduction  of  the  hydrogen  fluoride  l^ 
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means  of  blocks  made  of  calcium  fluoride,  which  is  naturally  unable 
further  to  enter  into  combinatidn  with  fluorine.  For  the  reception 
and  examination  of  the  fluorine  gas,  other  copper  tubes  can  be 
screwed  on  to  the  side  necks  of  the  apparatus,  and,  when  necessary, 
small  windows  of  calcium  fluoride  can  be  provided.  It  has  been 
found  that  fluorine  dried  with  extraordinary  precautions  is  without 
action  on  clean,  dry  glass. 

Phyncal  Properties.  —  Fluorine  is  a  gas  whose  color  is  like 
that  of  chlorine,  but  somewhat  paler.  Its  denmty  indicates  a  molec- 
ular w^ght  of  38,  showing  that  the  molecule  is  diatomic  (the  atomic 
weight  is  19).  The  gas  is  the  most  difficult  of  the  halogens  to  liquefy 
(b.-p.  -186"). 

Chemical  Properties.  —  Fluorine  unites  with  every  element, 
mth  the  exceptions  of  oxygen,  chlorine,  nitrogen,  and  the  helium 
family,  and  in  many  cases  does  so  with  such  vigor  that  the  union 
begins  spontaneously  without  the  assistance  of  external  heat.  Dry 
platinum  and  gold  are  the  elements  least  affected.  It  explodes  with 
hydn^en  at  the  ordipary  temperature,  without  the  assistance  of 
sunlight.  On  the  introduction  of  a  drop  of  water  into  a  tube  of 
fluorine,  the  oxygen  of  the  water  vapor  is  instantly  displaced  by  the 
fluorine,  and  the  vessel  is  filled  with  the  deep-blue  gas,  ozone:  3Fi  -f- 
3H,0-»3H,F,  +  0». 

The  chlorine  in  hydn^en  chloride  is  displaced  by  fluorine  as  easily 
as  chlorine  in  turn  displaces  bromine  or  iodine. 

Htdeoqen  Fldokide  HiFj 

/Vepanition.  —  Pure,  dry  hydrogen  fluoride  is  best  made  by 
heating  potasaum-hydrogen  fluoride,  2KHFj  «=*  2KF  +  HjFj  T  ■ 
For  ordinary  purposes,  however,  the  preparation  of  an  aqueous  solu- 
tion is  the  ultimate  object.  Usually  powdered  calcium  fluoride  is 
treated  with  concentrated  sulphuric  add,  and  the  mixture  distilled  in 
a  retort  of  platinum  or  lead: 

CaF,  -I-  HaSO,  ?±,CaSO(  +  H^j  T  ■ 

The  hydrofluoric  acid  passes  over  and  is  caught  in  distilled  water. 
The  aqueous  solution  thus  obtained  has  to  be  kept  in  vessels  made  of 
lead,  rubber,  or  paraffin,  as  glass  interacts  with  the  acid  with  great 
«fadity  (see  below). 
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Phyidcal  Properties.  —  Hydrogen  fluoride  ia  a  colorless  liquid, 
boiling  at  19.4°.  It  mixes  freely  with  water  and,  on.  distiUatJon,  an 
acid  of  constant  boiling-point  (120°  at  760  mm.)  containing  35  per 
cent  of  hydrogen  fluoride  is  obtained.  The  weight  of  22.4  liters  of 
the  vapor  varies  from  61  g.  at  26°  to  20  g.  at  90°  and  above.  At  90° 
and  above,  therefore,  the  formula  is  HF,  and  at  26°  the  vapor  is 
mainly  a  mixture  of  HjF,  (40)  and  HjF,  (60).  Since  HF  ia  the  only 
form  which  persists  through  a  range  of  temperatures,  we  say  that  the 
substance  shows  Msodation  (see  below)  at  lower  temperatures.  To 
keep  ourselves  in  mind  of  this  peculiarity,  we  shall  use  the  formula 
HiFt,  although  the  Uquid  undoubtedly  contains  many  molecules 
which  are  higher  multiples  of  HF  than  this. 

Association.  —  Many  substances  resemble  hydn^^  fluoride  in 
consisting  of  mixtures  of  molecules  which  are  multiples  of  the  Amplest 
poB^ble.  Thus,  acetic  acid  vapor  at  the  boiling-point  has  the  for- 
mula (HCOtCHi)i,  and  sulphur  vapor  at  high  temperatures  is  Si  (p. 
261),  but  at  lower  temperatures  a  mixture  of  Sj,  St,  and  Sg.  These  are 
aaaociat«d  npon. 

There  are  also  a6aooi»t«d  liqoids.  Thus,  sulphuric  acid  and  nitric 
acid  in  the  liquid  condition  are  composed  of  more  complex  af^regates 
than  HsSO*  and  HNO,.  Even  water  is  lai^ly  (H,0),  or  even  (H,0)., 
although  the  vapor  is  H)0  (p.  202) .  In  all  such  casee  dissociation  into 
the  dmpler  molecules  takes  place  gradually  as  the  temperature  is 
raised. 

Many  substances  naturally  poasess  formuls  which  are  multiples  of 
the  simplest  without  showing,  as  the  temperature  is  raised,  any  tend- 
ency to  progressive  dissociation  into  the  corresponding  simplest 
molecules.  Thus,  acetylene  (p.  241)  is  CiHt  at  all  temperatures,  and 
a«etic  add  (q.v.),  although  it  is  associated  to  CJIgOt  at  itB  boiUng- 
point,  never  becomes  simpler  than  C1H4O1  at  any  tonperature. 

When  a  substance  changes  sharply  into  another  substance  with 
double  or  triple  molecular  weight,  ae  formaldehyde  CHiO,  a  vplatile 
liquid,  changes  into  para-formaldehyde  (CHiO)a,  a  crystalline  solid, 
the  phenomenon  is  called  polymartxatloii.  , 

C3iemical  Properties  of  Hydrofluoric  Acid,  —  Metals  lite  sine 

and  magnesium  interact  with  hydrofluoric  acid  with  evf^tion  of 

hydrogen  (p.  118).    The  action  is  less  violent  than  with  other  halc^n 

acids.     The  acid  interacts   with  oxides   and  hydroxides,   forming 

^^^^rides  (p.  213).     The  chief  difference  in  this  respect  which  it  ex- 
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hibits,  when  compared  with  the  other  halogen  acids,  is  the  one  which 
leads  ua  to  aaaign  to  it  the  formula  H2Ft.  We  may  displace  either 
one  or  both  the  hydrogen  atoms  in  the  molecule  with  a  metal.  Thus, 
one  of  the  commonest  salts  of  hydrofluoric  acid  ia  potassium-hydTOgen 
fluoride  HKF,,  mentioned  above,  KOH  +  HJi", -*  KHF»  +  H,0. 
In  this  respect  the  acid  resembles  sulphuric  acid  and  other  acida 
coataining  more  than  one  replaceable  hydrogen  unit.  Unlike  the 
other  halogen  acids,  hydrofluoric  acid  gives  add  lalta  with  great  ease. 
The  most  remarkable  property  of  hydrofluoric  acid  is  that  it 
interacts  readily  with  sand,  silicon  dioxide  SiOi,  giving  silicon  tetra- 
fiuoride  8iF(,  a  gas,  and  water: 

SiOt  +  2H,F,  -» SF*  t  +  2HiO. 

No  other  add  is  able  thus  to  act  upon  the  oxide  of  a  typical  non- 
metallic  element.  In  fact,  in  all  other  cases  {e.g.,  SiCl^),  water 
decomposes  the  halide  (hydrolysis) ,  and  the  action  goes  in  the  opposite 
direction. 

Glass,  which  is  commonly  made  by  fusing  together  sotUum  car- 
bonate, calcium  carbonate,  and  sand  (silicon  dioxide),  is  a  mixture  of 
alicates  of  caldum  and  sodium,  and  is  rapidly  decomposed  by  hydro- 
fluoric add.  The  nature  of  the  change  is  shown  by  the  two  following 
eqnatioDa: 

CaSiO,  +  3H,F,  ->  SiF^  j  +  CaF,  +  3H,0. 

NatSiOs  +  3H,Fj  -.  SiF,  j  +  2NaF  +  3H,0. 

AH  other  silicates  are  decomposed  according  to  the  same  plan.  The 
silicon  tetrafluoride  passes  off.  The  fluorides  of  calcium  and  sodium 
ue  soUd  and  crumble  away  or  dissolve.  Thus  the  glass  is  completely 
disntegrated.  The  vapor  of  hydrofluoric  add,  generated  in  the  way 
described  above  irom  calcium  fluoride  in  a  lead  dish,  is  used  for  etch- 
ing i^aas.  The  surface  of  the  glass  is  covered  with  paraffin  to  protect 
it  from  the  action  of  the  vapor,  and  with  a  sharp  instrument  portions 
of  this  paraffin  are  removed  where  the  etching  effect  ia  desired.  The 
vapor  gives  a  rough  surface  where  it  encounters  the  glass  (test  for  a 
fluoride) .  Burettes  and  other  glass-ware  are  graduated  in  this  fashion. 
The  aqueous  solution,  which  may  also  be  employed,  makes  smooth 
depresdons  on  the  surface.  The  aqueous  solution  of  the  acid  is  iu«d 
in  the  analysis  of  minerals  containing  silicates,  which  frequently  are 
not  attacked  by  other  adds.  It  is  used  also  for  removing  sand  from 
metal  castings  and  for  deaning  the  exteriors  of  buildings  of  granite 
and  sandstone. 
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The  Halogens  as  a  Family 

'  The  most  noticeable  fact  is  that,  if  we  urang*  the  haloffens  in 
ord«r  In  rwpect  to  uiy  one  propertr,  chemical  or  physical,  tlw  otbsr 
pr(q;>ertiM  will  be  found  to  pUc«  them  in  the  uaM  order.  In  the 
table,  below,  the  sixth  column  contains  the  weight  of  the  element 
in  liquid  or  Bo\id  form  dissolving  in  100  c.c.  of  water  (15°),  The 
last  column,  cal.  KX,  gives  the  heat  of  formation  of  one  gram- 
molecule  of  the  potassium  halide. 


ElciDBDt. 

At.  Wt. 

Slate. 

B.-p. 

Color. 

Sol-ty. 

CM.KX 

Fluorine      

Chlsrine 

Bromtae      

Iodine      

19.0 
35.5 
79.9 
126.9 

gas 

—  34 
+   59 

+184" 

yellow 
yellow 
brown 
violet 

'3,22  " 
0.016 

118,100 
104,300 
95,100 
80,100 

It  will  be  seen  that,  as  the  atomic  weight  (chem,  prop.)  increases,  the 
boiling-point  (b'-p.)  rises,  the  color  deepens  and  passes  towards  the 
blue  end  of  the  spectrum,  the  solubility  dinunishes  (pbys,  props.), 
and  the  heat  of  union  with  potassium  (chem.  prop.)  becomes  smalleT. 
The  vigor  with  which  the  halogens  unite  with  hydrogen  and  the  metals 
is  greatest  with  fluorine  and  diminishes  progressively  until  we  reach 
iodine.  We  shall  see  later  that  the  affinity  for  oxygen,  on  the  other 
hand,  increaaea  as  we  pass  from  fluorine  to  iodine. 

Althoi^h  showing  different  degrees  of  activity,  the  halogens  are 
closely  ahke  in  chemical  nature.  That  is,  the  reUUans  (p.  226)  they 
show  when  in  combination  are  similar.  When  united  with  hydrogen 
and  the  metals,  they  are  all  unwaletd.  In  th^r  oxygen  compounds, 
however,  they  exhibit  a  higher  valence.  Their  oxides  interact  with 
water  to  give  acids,  and  they  are  therefore  non-metals  (p.  150),  They 
are  strongly  electro-negative  (pp.  213,  269),  as  non-metals  all  are. 
Their  hydrides,  when  dissolved  in  water,  are  all  active  acids.  This, 
and  their  valence,  distinguish  the  halogen  family  from  other  groups 
of  non-metals.  Thus,  oxygen  and  sulphur  are  bivalent  (and  the  latter 
sexivaletit  also),  and  the  hydrides  of  oxygen  (HiO  and  H1O3)  and  (rf 
sulphur  (HjS)  are  very  feeble  acids. 

Order  of  Activity  <^  the  Non-Metala.  —  The  way  in  which 
chlorine  displaces  bromine  and  iodine  from  bromides  (p.  273)  and 
iodides  (p.  276),  and  bromine,  in  turn,  displaces  iodine  suggests  an 
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orda-  of  activity  for  DOD-metals.  It  was  noted  that  oxygen  displaced 
iodine  from  hydriodic  acid  (p.  27d)  and  that  iodine  ^placed  sulphur 
from  hydrogen  sulphide  (and  all  other  sulphides).  The  order  is, 
therefore,  F,  CI,  Br,  O,  I,  S. 

CoHPOi]in>s  OP  THE  Haloqens  with  Each  Otheb 

Iodine  unites  with  chlorine  to  form  two  compounds.  The  moat 
familiar  is  a  red  crystalline  substance  Iodine  tmmoehlorida  ICl.  The 
Mcblorida  ICli  is  made  by  the  use  of  excess  of  chlorine.  Iodine 
unites  with  bromine  to  form  the  compound  IBr,  while  a  compound 
with  fluorine  IFj,  is  supposed  to  exist.  None  of  these  compounds  is 
particularly  stable,  and  some  of  them  decompose  very  eaaly. 

It  is  frequently  stated  that  elements  which  resemble  one  another 
chemically  show  little  tendency  to  chemical  union.  Yet  in  the  case 
of  IBr,  for  example,  the  tendency  to  decompose  into  the  elements 
(2IBr  -♦  It  +  Bri)  must  be  interpreted  as  mefming  that  the  iodine 
sod  bromine  prefer  to  unite  with  themselves  to  form  the  molecules 
U  and  Bri  rather  than  with  one  another.  In  view  of  this  the  above 
remark  loses  some  of  its  point,  for  an  element  certainly  resembles  itself 
more  than  it  does  any  other,  and  the  compounds  Cli,  Hi,  etc.,  are 
amongst  the  most  stable  that  we  know. 


I.  —  1.  What  impurities  is  commerdal  iodine  likely  to 
contain?  In  what  way  does  heating  with  potassium  iodide  (p.  275) 
free  it  from  these? 

2.  Classify  all  the  chemical  actions  in  this  chapter  according  as 
they  belong  to  one  or  other  of  the  ten  kinds  (p.  228). 

3-  What  are  the  relative  volumes  of  the  gases  in  the  interaction  of 
chlorine  with  hydrogen  bromide  (p.  273),  and  hydrogen  iodide  (p. 
279),  respectively? 

4.  Tabulate,  more  fully  and  specifically  than  is  done  in  the  section 
on  "The  Halogens  as  a  Family,"  (a)  the  physical  properties,  (5)  the 
chemical  properties,  (c)  the  chemical  relations,  of  the  members  of 
thig  group, 

5.  Construct  the  equation  on  p.  275  by  the  use  of  partial  equations 
M  in  the  example  on  p.  270. 

6.  Using  the  method  ^ven  on  p.  270,  construct  a  ^ngle  equation 
for  the  formation  of  iodine,  water,  and  hydrogen  sulphide  directly 
from  potasdum  iodide  and  sulphuric  acid. 

7.  What  are  the  relative  volumes  of  the  gases  in  the  action  of, 
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(a)  Suorine  and  water  vapor  (p.  281),  (6)  chlorine  uid  iodine  vapors 
in  fonning  the  monocUoride  and  (c)  the  trichloride. 

8.  In  the  French  process  for  liberatii^  iodine  (p.  275),  why  must 
excess  -of  chlorine  be  avoided? 

9.  In  liberating  bromine  from  the  mother-liquor  (p.  363),  why 
must  excess  of  sulphuric  add  and  manganese  dioxide  be  avoided? 


DiailizodbvGoOgle 


CHAPTER  XV. 
GHEBIIGAL  lQnTT.Tiili.TTnw 

Is  spte  of  its  formidable  title,  this  chapt«r  will  introduce  nothing 
novel.  Its  purpose  is  to  collect  together  aad  organize  more  definitely 
a  number  of  scattered  facts  and  ideas  which  have  alrefidy  come  up  in 
various  connections.  On  this  account,  however,  it  will  be  all  the  more 
necessary  for  the  reader  to  refresh  his  remembrance  of  these  facta 
wd  ideas  by  re-reading  all  pages  to  which  reference  is  made. 

Reversible  AcHons.  —  In  discussing  the  union  of  hydrogen  and 
iodine  (p.  277),  it  was  stated  that  the  progress  of  the  action  ceases 
while  yet  a  large  amount  (21  per  cent  at  445°)  of  both  the  substances 
necessary  for  its  maintenance  still  remains  available.  Now  the 
materials  left  over  are  presumably  no  less  capable  of  uniting  than  the 
parts  which  have  already  united.  The  solution  of  this  mystery  lies 
in  the  fact  (p.  279)  that  decompoaiium  of  the  compound  can  b^n  at 
180°,  and  therefore  takes  place  actively  at  445°.  Hence  the  product 
of  the  union  must  begin  to  dissociate,  in  part  at  least,  as  soon  as  any 
of  it  b  formed.  Thus  two  chapges,  one  of  which  undoes  the  work  of 
the  other,  must  go  on  simultaneously.  In  consequence  of  this,  neither 
can  reach  completion.  As  we  should  expect,  experiment  shows  that 
it  makes  no  difference  whether  we  start  with  pure  hydrogen  iodide  or 
with  a  mixture  of  pure  hydrt^en  and  iodine :  the  proportiMis  of  the 
three  materials  found  in  the  tube,  after  it  has  been  heated  for  a 
BuflScient  length  of  time,  are  in  both  cases  the  same.  A  cananl 
lUtamant  may  be  founded  on  facts  like  this,  to  the  effect  that  a 
ehamloal  action  must  ranuUn  axon  or  leu  Inoonmtlot*  wbaa  tb»  ra- 
TKM  acUan  also  takM  pUo«  undo-  ttu  sams  condltloiu  (i^.  p.  40). 
Two  arrows  pointing  in  opposite  directions  are  used  in  equations 
representing  reversible  changes: 

H,  +  I,^2HI    or    2HIj^H)  +  I,. 

It  will  be  obaared  that  representing  reversible  ootions  by  equations  involvea 
1  departure  from  the  original  meaning  of  an  equation.    Thus  at  445°,  79  per  cent 
of  tlte  Bubstancee  are  in  the  form  HI  and  21  per  cent  in  the  uncombined  state: 
(79%)  2HI  ^  H,  +  I,  (21%). 
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In  other  words,  the  amounts  of  matter  on  the  two  sides  are  not  equal.  Eckch  side, 
taken  sq>arately,  shows  correctly  the  proporHom  used  in  the  mtcraclion  for  which 
it  stands,  however.  Hence  the  equation  in  a  reversible  action  prrtfesaa  to  show 
quantitatively  the  change  which  wruld  occur  if  each  of  the  two  opposed  actions  it 
includes  were  to  be  allowed  separately  to  proceed  to  completion. 

The  followii^  are  examples  of  actions  of  the  exactly  same  kind. 
They  should  now  be  looked  up  and  studied  attentively.  The  dis- 
cuBsoQ  in  the  following  sections,  for  which  they  furnish  the  baas, 
cannot  otherwise  be  understood;  (1)  The  interaction  of  chlorine  and 
water  (p.  223),  which  was  fully  discussed  at  the  time;  (2)  the  be- 
havior of  iodine  vapor  (p.  261),  of  water  vapor  (p.  148),  of  sulphur 
vapor  (p.  261),  of  phosphorus  vapor  (p.  2^1);  (3)  the  behavior  of 
phoephorus  pentachloride  vapor  (p.  260);  (4)  Deacon's  reaction  (p. 
217).  Examples  of  this  kind  are  called  homogoiMnu  ijitsnu,  be- 
cause all  the  interactii^  substances  are  either  gaseous  or  in  solutioa 
(CU  +  H,0). 

When  the  action  is  one  which  is  reversible,  but,  under  the  circum- 
stances being  discussed,  proceeds  farther  towards  completion  in  one 
direction  than  in  the  other,  the  arrow  will  be  modified  to  indicate  this 
fact: 

CU  +  HiO  t?  HCl  -I-  HCtO  (p.  223). 

When  this  relative  completeness  is  due  to  volatilization  or  pre- 
cipitation, the  fact  will  be  indicated  by  vertical  arrows; 

NaCl  4-  H^04t=f  NaHS04  +  HCl  T  (p.  207). 

Naa  i  +  HjSO,  fc5  NaHSO*.  Aq  +  RCl,  Aq  (p.  208). 

Cases  in  which  a  gas  or  a  solid  separates  are  called  hatarocmeons 

BgttVCOM. 

Acttong  trhleh  Proceed  to  Completion.  —  All  chemical  ac- 
tions do  not  belong  to  the  reverable,  incomplete  class.  Many  pro- 
ceed uninterruptedly  to  exhaustion  of  one,  or  all,  of  the  ingredients. 
For  example,  equivalent  amounts  of  magnesium  and  oxygen  combine 
completely:  2Mg  -H  Oi  -♦  2MgO.  Here,  however,  the  product  is  not 
decomposed  even  at  the  white  heat  produced  by  the  vigor  of  the  uiuon. 
Indeed,  magnesium  oxide  cannot  tie  decomposed,  and  the  action  re- 
versed, at  any  temperature  we  can  command.  The  other  oomplsts 
aetloni,  like  the  decomposition  of  potassium  chlorate  (p.  83),  an  bo 
becauu  thsj  ara  likewise  Inravanlbls. 
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Kinetic- Molecular  ExplanatUtn.  —  Restating  these  facts  in 
tenns  of  molecules  will  enable  us  to  reason  more  clearly  about  thia 
variety  of  chemical  change.  Suppose  we  start  with  the  matenab 
represented  on  one  side  only  of  such  an  equation  say  the  hydrogen 
and  iodine  in  that  on  p.  287.  The  molecules  of  these  materials  will 
encoimter  one  another  frequently  in  the  course  of  their  movements. 
In  a  ceri^n  proportion  of  these  collisions  the  chemical  change  will 
take  place.  In  the  eeirliest  stages  there  will  be  few  of  the  new  kind  of 
molecules  (sa^,  hydrogen  iodide),  but,  as  the  action  goes  on,  these  will 
increase  in  number.  There  will  be  two  consequences  of  this.  In  the 
first  place  the  parent  materials  (in  this  case,  hydrogen  and  iodine)  will 
diminish  in  amount,  the  collisions  between  their  molecules  will  be- 
come fewer,  and  the  speed  of  the  forward  action  will  therefore  become 
less  and  less.  In  the  second  place  the  increase  in  the  number  of 
molecules  of  the  product  (hydrogen  iodide)  will  result  in  more  frequent 
collisions  between  them,  in  more  frequent  occurrence  of  the  chemical 
change  which  they  can  undergo,  and  thus  in  an  increase  in  the  speed 
of  the  reverse  action.  The  forward  action  begins  at  its  maximum  and 
decreases  in  speed  progressively;  the  reverse  action  begins  at  zero  and 
increases  in  speed.  Finally  the  two  speeds  must  become  egual,  and 
at  that  point  perceptible  change  in  the  condition  of  the  whole  must 
cease  (cf.  pp.  169-170). 

The  moet  immediate  inference  from  this  mode  of  viewing  the 
matter  is,  that  the  apparent  halt  in  the  progress  of  the  action  does 
not  indicate  any  cessation  of  either  chemical  change.  Both  changes 
must  go  on,  in  consequence  of  the  continued  encounters  of  the  proper 
molecules.  But  since  the  two  changes  proceed  with  equal  speeds  they 
produce  no  alteration  in  the  mass  as  a  whole.  In  fact,  the  final  state 
is  one  of  equilibrium,  and  not  of  repose.  Hence,  chemical  changes 
which  are  rever^ble  lead  to  that  condition  of  seemingly  suspended 
action  which  we  speak  of  as  chemical  squiiibrlum. 

Otemical  Equilibrium,  and  its  Characteristics.  —  The  de- 
tailed discussions  of  the  relations  of  liquid  and  vapor  (pp.  145,  169- 
170),  of  ice  and  water  (p.  144),  of  saturated  solution  and  undissolved 
solid  (pp.  185,  19^195),  and  of  a  gas  dissolving  in  a  liquid  (p.  187), 
have  already  familiariieed  us  with  the  term  equilibrium  and  its 
agnificacce.  We  can,  in  fact,  apply  to  the  discussion  of  any  kind 
of  ievffl«ble  phenomena,  the  sets  of  ideas  in  regard  to  exchanges  of 
molecules  there  elaborated. 

In  particular,  the  reader  will  note  that  the  Uutm  cbarMtwIitki  oC 
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a  sUU  of  «qallibriuin,  developed  and  illustrated  in  the  case  of  the 
physical  equilibrium  between  a  liquid  and  its  vapor  (p.  169),  apply 
also  to  a  typical  case  of  chemical  equilibrium,  such  as  that  now  before 
us.     Thus; 

1.  There  are  tha  two  ojipoaing  tandancioi.  which  ultimatel;  iul~ 
aaco  ons  another.  Hefe  they  are  the  tendency  of  the  hydrogen  aJid 
iodine  to  produce  hydrogen  iodide,  and  the  tendency  of  the  hydro- 
gen iodide  to  reproduce  hydrogen  and  iodine  by  this  interaction.  In 
other  words,  they  are  the  appamit  aotdvltiy  of  the  hydn^n  iodide 
reaction,  and  the  apparant  aotiTlty  *  of  the  hydrogen  and  iodine 
interaction. 

2.  At  MiuiUbTium  tlw  two  oppo^xtg  t«ndanelM  or  aothUlM  ar*  still 
In  full  oporatton,  although  their  effects  then  neutralize  one  another. 

3  (and  this  is  the  chief  mark  of  chemical,  as  it  is  of  physical 
equilibrium).  The  system  is  in  a  sensitive  state,  so  that  a  chancs 
in  tha  conditions  (temperature  and  partial  pressure  or  concentration), 
even  if  slight,  prodUGOB  a  corresponding  change  In  the  state  of  tha 
■yatam,  and  does  this  by  favoring  or  disfavoring  one  of  tha  two  oppos- 
ing tandenciaa  or  apparent  actiTitiae.  Such  a  change  is  called  a  dis- 
placement of  tha  equiUbrium,  for  the  ^stem  settles  down  in  a  new 
state  of  equilibrium  with  new  proportions  of  the  two  aeta  of  sub- 
stances, corresponding  to  the  changed  coniMtions.  Thus,  in  the 
present  instance,  a  change  from  445°,  where  there  is  79  per  cent  of 
the  material  in  the  fonn  of  hydrogen  iodide,  to  508"  results  in  the 
diminution  of  this  proportion  to  76  per  cent.  The  equilibrium  is 
affected  by  chaises  in  concentration  also,  as  we  shall  presently  see 
(pp.  291-293). 

Now,  the  foregoing  facts  show  that  the  key  to  understanding 
chemical  activities,  their  magnitudes,  their  changes,  and  especially 
their  practical  results,  must  lie  in  knowing  how  changes  in  the  condi~ 
turns  affed  them.  Hence,  to  the  chemist,  familiarity  with  the  in- 
fluence of  conditions  on  chemical  phenomena  must  be  of  the  greatest 
practical  importance.  We  therefore  address  ourselves  to  the  dis- 
cussion of  this  subject. 

The  "conditions"  to  be  considered  are  familiar  —  temperature, 
and  concentration  or,  in  the  case  of  a  gas,  partial  pressure.  The 
"activity"  of  an  action  is  accurately  measured  by  the  speed  with 

*  We  use  the  t«rm  "apparent  activity"  for  the  activity  as  we  see  it.  In 
the  same  action  it  varies  with  the  conditions.  Tiie  intarlnsic  acUri^  or  ^inlty, 
on  the  other  hand,  is  the  absolute  activity  of  the -action  under  certain  rarpfnlly 
defined  conditions  (see  p.  295),  which  arc  the  game  for  all  actions  to  be  compared. 
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whicb  the  actJon  proceeds.  Thus,  if  the  foregoing  section  be  re- 
examined, it  will  be  seen  that  we  spoke  throughout  of  the  speed, 
rather  than  of  the  tendency  or  activity. 

Finally,  temperature  and  other  conditions  influence  also  the 
activities  in,  and  therefore  the  speeds  of,  those  actions  which  pro- 
ceed to  completion,  and  are  not  reversible.  Hence,  unless  our 
statements  are  expressly  restricted  to  reversible  actions  and  to 
states  of  equilibrium,  they  apply  to  all  chemical  changes. 

The  Influence  of  Concentration.  —  In  the  ^t  place,  let  us 
assume  that  the  temperature  is  constant,  and  let  us  confine  our 
attention  for  the  present  to  the  influence  of  concentration  upon  a 
chemical  reaction.  We  have  seen  (p.  289)  .that  the  speed  of  a  chemi- 
cal change  is  determJued  by  the  frequency  with  which  the  molecules 
of  the  interacting  substances  encounter  one  another.  The  frequency 
of  the  encounters  amongst  a  ^ven  set  of  molecules,  resulting  in  a 
definite  chemical  change,  will  in  turn  evidently  depend  entirely  upon 
the  degree  to  which  the  molecules  are  concentrated  in  each  other's 
neighborhood.  Lai^er  amounts  of  one  of  the  materials,'  for  example, 
will  not  result  in  more  rapid  chemical  action  in  the  sense  which  this 
mateiial  favors,  if  the  larger  amount  of  material  is  also  scattered 
through  a  larger  sp)ace.  Chemical  changes,  therefore,  are  not  acceler- 
ated by  increasing  the  mere  quantity  of  any  ingredient,  but  only  by 
increasing  the  concontrstioD  of  its  molsculM.  Thus,  a  lai^e  amount 
of  hydrochloric  acid  with  a  piece  of  zinc  will  generate  hydrogen  no 
faster  than  a  smaller  amount.  But  substitution  of  more  concentrated 
acid  will  instantly  increase  the  speed  of  the  action.  In  the  second 
case,  the  number  of  molecules  of  the  acid  reaching  the  zinc  per 
second  is  greater,  and  this  action,  being  non-reversible,  proceeds 
more  rapidly  to  complete  consumption  of  the  zinc.  So  also,  iron 
bums  faster  in  oxygen  {100  per  cent)  than  in  air  (20  per  cent  oxygen). 

With  a  reversible  action  the  effect  on  the  speed  is  the  same,  ex- 
cepting that  the  continued  activity  of  the  reverse  action  prevents 
the  direct  one  from  reaching  completion.  Thus,  if,  in  the  action  of 
hydrt^en  upon  iodine,  we  introduce  into  the  same  space  an  extra 
amount  of  hydrc^n,  this  facilitates  the  formation  of  hydrogen  iodide 
by  increasii^  the  possibilities  of  encounter  between  hydrogen  and 
iodine,  while  at  the  same  time  it  does  not  affect  {cf.  p.  Ill)  the  number 
of  encounters  in  a  given  time  between  hydrogen  iodide  molecules 
which  result  in  the  reverse  transformation.  The  proportion  of  hydro- 
gen iodide  formed,  therefore,  from  a  ^ven  amount  of  iodine  will  be 
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greater,  although  the  total  possible  (by  complete  consumption  of  the 
materials)  has  not  been  altered,  since  the  quantity  of  one  ingredient 
only  has  been  increased.  The  introduction  of  an  excess  of  iodine 
would  have  had  predsdy  the  same  effect. 

An  Experimental  Illustration,  —  It  is  easy  to  illustrate  this 
experimentally.  A  reaction  in  which  the  effects  of  different  concen- 
trations were  carefully  studied  by  Gladstone  (1855)  affords  a  good 
example.  If  ferric  chloride  and  ammonium  thiocyanate  are  mixed  io 
aqueous  solution,  a  liquid  containing  tlte  soluble,  blood-red  ferric 
tbiocyanate  ia  produced.  The  compound  radicals  are  NH»  and  CN8, 
and  the  action  is  a  simple  double  decomposition: 

FeC!,  +  3NH4eNS  ^  Fe(CNS),  +  3NH*CL 
The  action  is  a  reversible  one,  and  the  system  is  homogeneous,  i.e., 
there  is  no  precipitation.  Now,  if  the  two  just-named  salts  are  mixed 
in  very  dilute  solution  in  the  proportions  required  by  the  equation, 
say  by  adding  20  c.c.  of  a  deci-nonnal  solution  (p.  182)  of  each  to 
several  liters  of  water,  a  pale-reddish  solution  is  obtained.  When  this 
is  divided  into  four  parts,  and  one  is  kept  for  reference,  the  addition 
of  a  little  of  a  concentrated  solution  of  ferric  chloride  to  one  jar,  and 
of  ammonium  thiocyanate  to  another,  will  be  found  to  deepen  the 
color  by  producing  more  of  the  ferric  tbiocyanate.  On  the  other 
hand,  mixing  a  few  drops  of  concentrated  ammonium  chloride  solution 
with  the  fourth  portion  will  be  found  to  remove  the  color  almost 
entirely  on  account  of  its  influence  in  accelerating  the  backward 
change. 

The  Lau)  ujf  Molecular  Concentration.  —  The  g^ieral  prin- 
ciple discussed  and  illustrated  in  this  section  may  be  called  ths  law 
(d  molocular  ooncenuuion,  and  may  be  stated  as  follows:  Is  anj 
glvon  cliamlcal  cIumcB  tbe  apparant  acUvlty,  and  thon<oro  tbo  ^mcd 
ot  that  Changs  li  proportional  to  ttu  nudaeular  ooncmtration  (rf  eaeh 
interacting  lubstuiM.  This  holds  whether  the  action  is  reversible 
or  not. 

Of  course,  when  different  actions  are  compared,  the  Intrfaigle 
afflnllW  ^11  be  different,  and  so,  with  equal  molecular  concentra- 
tions, the  q>eeds  will  be  different.  In  the  same  action,  a  change  in 
tmovnu^Mn  (see  p.  304)  will  alter  tbe  speed. 

lie  phntse  "aotive  masB"  ia  commoDly  employed  instead  of  tlte  words 
"molecular  concentration."    It  is  distinctly  misleading,  however,  fat  u  we  have 
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area,  it  ia  not  coi  the  mats  of  a  subBtaacc,  but  rm  the  quantity  of  it  in  a  ffvea 
Toliune,  that  the  speed  of  the  action  dependa.  If  a  physicist  spoke  of  the  mam, 
whea  he  meant  density  (quantity  in  a  f^ven  volume),  he  would  lose  all  scientific 
Autdiog  at  odob.  But  in  chemistry  it  is  not  conaidered  bad  fonn  to  use  the  word 
man  in  this  oonnectjoo,  although  a  conception  of  the  nature  of  denmty  ia  intended. 
Scane  kinds  of  ttomendature  are  used  more  looeefy  in  chemistry  than  they  would 
be  in  any  other  sdenoe  (p.  210). 

The  following  is  a  more  exact  statement  ti  the  law  01  nudeeular  oaneva- 
tntion  than  that  given  above:  The  speed  oi  a  gjven  ohemical  change  is  propor- 
tifHul  to  the  first,  or  some  hif^er  power  of  the  mdecular  lymomtratioii  of  each 
mtecacting  substance,  the  power  being  for  each  substance  determined  by  the 
numbtf  of  moleculefl  of  that  substance  concurring  in  the  interacticm  lor  by  the 
oida  of  the  action  into  which  its  molecules  enter,  or  by  the  number  of  its  mol^ 
cules  appearing  in  a  mcdecular  equation  re^menting  the  action],  the  "action"  in 
questicHi  bdng  the  tioieett  <rf  the  partial  actions  involved,  when  the  action,  as  a 
whtde,  is  achieved  throu^  consecutive  partial  actaons  (see  p.  296). 

A  learning.  —  The  reader  muBt  avoid  the  idea  that  a  reverable 
action  is  one  which  goes  to  completion,  and  then  runs  back  to  a 
certain  extent.  This  conception,  would  be  contrary  to  the  fact,  and 
oppoeed  to  the  principles  of  energetics,  as  well  as  inexplicable  by  the 
kinetic-^nolecular  view. 

This  erroneous  idea  seems  to  assume  that  a  chemical  action  has 
momentum,  which  is  not  the  case.  If  a  reaction  did  have  momentum, 
and  ran  first  to  completion,  then,  on  reversal,  it  would  have  the  same 
momentum  and  would  come  back  to  the  starting  point  (the  original 
Bubstances).  There  would  be  no  more  reason  for  its  stoppii^  at  an 
intermediate  portion  on  the  return,  than  on  the  forward  journey. 
In  fact,  somewhat  like  a  pendulum  (which  does  have  momentum),  it 
would  swing  back  and  forth  and  never  come  to  rest,  or  rather  to  a 
state  of  balanced  activities!  A  pendulum,  when  pulled  out  of  the 
vertical  postion,  starts  with  no  speed,  th«i  gains  a  little,  and  finally 
moves  with  its  greatest  velocity  when  passing  throi^h  the  vertical 
position.  But  a  chemical  reaction  does  just  the  opporate.  The 
forward  action  stu-ta  at  its  maximum  speed  (because  the  interacting 
molecules  are  at  a  maximum,  since  none  have  been  used  up)  and  goes 
more  and  more  slowly  until,  partly  because  the  interacting  molecules 
are  fewer,  and  pwtly  because  the  reverse  action  is  increasing  and 
undoing  its  work,  the  action  can  produce  no  further  chaise  and  the 
equilibrium  point  is  reached.  This  is  the  molecular  view  'of  tins 
fallacy. 

In  the  point  of  view  of  energy,  the  action  proceeds  at  first  because 
the  free  enei^  in  the  system  is  diminishing.     At  the  equilibrium 
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point,  there  is  a!so  an  enei^  equilibrium,  and  the  enei^  of  the 
system  neither  diminishes  nor  increases.  To  cany  the  action  beyond 
the  equilibrium  point,  however,  would  require  an  increase,  from  aome 
outside  source,  in  the  energy  of  the  systrai. 

As  to  the  facts,  a  system  involving  a  reversible  action  changes  in 
composition  while  approaching  equilibrium,  but  when  it  has  reached 
that  point,  no  further  changes,  such  as  the  pendulum  analogy  suggests 
can  be  detected.  To  be  specific,  if  the  ferric  chloride  and  ammonium 
thiocyanate  reaction,  described  above,  first  went  to  completion,  and 
then  receded  to  an  equilibrium  position,  the  mixture  would  first  be- 
come deep  red,  and  then  go  back  to  a  paler  color,  but  no  such  phenom- 
enon has  ever  been  observed. 

Formulation  of  the  Relation  between  Molecular  Concen- 
tration and  Speed  of  Reaction.  —  These  principles  will  become 
clearer  when  stated  in  somewhat  more  precise  terms.  We  confine  our 
attention  to  homogeneous  systems,  in  the  first  place. 

The  molecular  oonoantavtion  li  stated,  numaricftUj,  for  each  sub- 
staace,  in  terms  of  the  number  (whole  or  fractional)  of  moles  (gram- 
molecular  wights,  p.  23fi)  of  the  substance  contained  in  a  liter 
of  the  whole  mixture.  There  is  the  same  number  of  molecules  in  a 
mole  of  every  substance,  namely,  the  number  of  molecules  in  32  g.  of 
oxygen  {<^.  p.  238).  Hence  the  number  of  moles  per  liter  defines  the 
concentration  of  the  subetances  in  terms  of  this  number  of  molecules 
in  a  liter  as  the  unit  of  concentration. 

Thus,  in  a  solution  containing  25.4  g,  of  free  iodine  (A  of  a  formula 
weight,  Ii)  per  liter,  the  solution  is  0.1  molar  (p.  183),  and  the  molec- 
ular concentration  of  the  iodine  is  0.1,  When  the  substance  is  a  gas, 
the  concentration  of  the  molecules  is  proportional  to  the  partial  pres- 
sure of  the  gas.  Now,  one  mole  of  a  gas  occupies  22.4  liters  at  one 
atmosphere  pressure  (and  0°).  Hence,  when  one  mole  of  a  gas  is  con-  . 
tained  in  1  Uter,  and  ite  molecular  concentration  is  therefore  1,  it  exer- 
cises 22.4  atmospheres  partial  pressure.  When  the  partial  pressure  of 
one  gas  in  a  mixture  is  two  atmospheres,  its  molecular  concentration  is 
Tin  or  0.09. 

The  ipeed  of  the  action  is  also  expressed,  nnmericallTi  in  moles 
of  each  substance  transformed  per  minute  or,  for  slow  reactions,  per 
hour,  ' 

Udi^  these  units,  the  relation  between  tlie  moUr  oonoentratltau 

•nd  the  gpeed  li  easil;  expressed.     The  speed  is  proportional  to  the 

•-molar  concentration  of  each  molecule  appearing  in  the  molecular 
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equation  for  the  action,  and  to  the  intrinsic  affinity  or  activity  of  the 
action.  For  example,  in  the  int€ra,ction  of  hydrogen  and  iodine 
(p.  287);  H,  +  I,  -»  2HI,  if  [H,]  and  [1,1  represent  the  molar  con- 
centrations, which  can  be  varied,  and  k  is  a  constant,  representing  the 
affinity,  wliich  is  Invariable  for  each  action,  and  S  is  the  speed,  then: 

IH,]  X  [I,]  X  k.  =  S. 
Simiiarly,  for  the  reverse  action:  2HI  — >  H,  +  U: 
[HI]  X  [HI]  X  k,  =  [HI]'  X  k,  =  S. 

Note  that  [HI]  represents  the  total  concentration  of  HI  (not  one-half 
of  it),  because  every  molecule  of  HI  present  may  play  the  part  of 
either  one  of  the  two  demanded  by  the  equation. 

It  need  hardly  be  added  that,  clearly,  when  the  concentration  of 
any  ingredient  becomes  zero  (say  by  all  of  it  entering  into  combina- 
tion), or  when  the  affinity  is  zero,  the  speed  S.  must  become  zero,  that 
is  to  say,  no  action  takes  place. 

The  affinltr  or  activity  (k)  is  always  represented  numerically  by 
tiie  speed  in  moles  per  unit  of  time  when  the  moler  concentration  of 
each  ingredient  is  unity  {see  next  section). 

More  Specific  Formulation  of  Speed  of  Reaction.  —  In  the 

preceding  section  attention  waa  not  called  to  one  practical  difficulty.  Since,  as 
the  action  procceda,  the  materiala  are  being  iised  up,  thrar  concentrations  do  not 
renuun  oonstant,  but  pfogreasivd,y  diminwh  duriiif;  the  period  of  observation  (1 
minute  or  1  hoar).  Thus,  the  action  becomes,  on  this  account,  slower  and  slower. 
S,  tbodoT^  as  used  above,  is  the  speed  at  a  given  moment.  If  applied  to  one 
minute  {ot  one  bow),  it  is  the  amount  which  vxnM  he  transformed  if  the  con- 
centratioDS  present  at  that  moment  were  artificially  maintained  during  the  whole 
minute  (or  hour). 

Now,  tiie  theoretical  speed  at  constant  concentration,  used  in  the  above 
fonnuls,  can  be  calculated  from  the  speeds  tAten/ed  with  dinunvthing  conc^- 
ttations.  It  will  be  noted  that  when  the  concentrations  are  unity,  iHi]  =  Hi]  '  I, 
tod  ttierefore  1  X  1  X  k  <i  S.  That  is,  with  unit  concentrations,  k  ^  S.  The 
[dan,  thei«fore,  is  to  experiment  with  different  concentrations  at  the  same  tem- 
penture,  and  to  measure  the  amounts  transformed  in  measured  times  in  each 
CMe.  Ws  can  then  calculate  (see  below)  from  the  data  of  each  set  the  speed 
(moka  transformed  per  hour  or  minute)  which  would  be  shown  by  constantly 
□uintoined  unit  concentrations  of  the  mftteriols.  The  answers  are  the  values  of 
k  tor  unit  concentrations,  based  upon  measurements  with  different  concentrations 
itf  tie  aame  substances,  and  they  agree  closely  with  one  another.  The  values  of  k 
fn^  seveisl  different  cbnnical  actions,  however,  may  differ  widely,  and  are  meas- 
ura  of  the  relative  activity  of  each. 
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The  re1ati<m  ot  tiie  theoieticol  ^leed  with  coruUmt  wtil  conoeiUrotion  to  that 
which  is  observed  with  Hifniniatiing  concentration  k  as  follows:  For  an  action  of 
the  form:  A  — * B  +C,  where  the  cbiwge  in  only  one  molecule  constitutes  the 
action,  if  [A]  is  the  initial  molecular  concejitration  of  A,  and  x  is  the  fraction  of 
this  irtiich  is  transformed  in  the  time  t, 

lA]  —X 

Wlien  two  molecules  have  to  intnact:  A  +B-~^C  +  A  the  formula  Is  still  mora 
complex.  If  the  subatanoee  are  present  in  equivalent  pnqwrtians,  thdr  DM^eo- 
ular  ccmoentrations  in  this  special  case  are  alike,  and  may  each  be  represented 
bjr  [A],  for  [A]  -  IB].    The  relation  is  then: 


lA](iA]-x) 


The  mathonatioal  derivation  of  these  rdations  will  be  fomid  in  any  woric  on 
physical  chemistry. 

An  lUuatratUtn.  — The  following  illustration  (see  also  Sulphurous  add) 
will  make  all  this  dearer.  When  arsine  AsHi  (g.n.)  is  heated  at  310°,  it  deoom- 
poaes  gradually  into  hydrograt  and  aiaenic: 

AsH,  -»  As  +  liHi.* 

The  action  is  not  appredably  rever^le.    The  arsenic  assumes  the  solid  form. 

The  gas  is  inclosed  in  a  tube  wbicfa  is  kept  in  a  bath  at  310°,  and  a  manometer 
ahowB  changes  in  pressure.  '  Since,  as  the  action  proceeds,  1)  molecules  of  hydn>- 
gm  take  the  place  of  each  molecule  of  arane,  the  total  pressure  slowly  increases. 
Every  increase  of  1  mm.  in  the  pressure  is  the  result,  therefore,  of  an  addition  o( 
3  mm.  partial  pressure  of  hydrt^rai  and  a  reduction  of  2  mm.  in  the  partial  pre»- 
sure  of  the  arsine.  The  molecular  concentrations  are  proportional  to  the  preA- 
aureB,  and  change,  therefore,  in  the  same  ratios.    The  observations  (first  two 

*  Ordinarily  we  should  write  the  equation  2AsEi  ~*  2Ab  +  3Hi.  But  this 
tonn  would  make  the  speed  proportional  to  [AaHi)'  and  calculation  would  then 
give  us  inooostant  values  for  S.  The  reason  for  this  apparent  irregularity  is  that 
the  action  takes  place  in  two  stages  (consecutive  tractions,  p.  272).  iW  AsHa 
decomposes  to  ^ve  As  +  3H.  Hen  the  atoms  of  hydn^en  combine  in  paiis  to 
form  Hi.  Ilie  latter  of  these  actions,  however,  is  very  speedy,  while  the  form^ 
U  the  one  that  takes  time,  and  it  is  the  time  occupied  by  the  former  akme  that  we 
are  measuring.  Hence,  only  the  former  is  involved  in  the  calculation.  This 
point  is  covered  by  the  last  part  of  the  more  exact  statement  of  the  law  at  molec- 
ular concentration  (p.  293).  The  rates  of  very  fast  actions  cannot  be  measured. 
In  a  Boise,  it  is  the  sJoumess  of  the  action,  that  is,  the  time  required  for  a  certain 
amount  of  chemical  change,  that  we  are  measuring  when  we  determine  8o<oaUed 
speeds  of  reaction. 
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ocdimme},  together  with  the  data  deduced  from  the  first  two  by  calculAtion,  m 
M  follows: 


'nu,     BODB. 

PUIL.     «.. 

ToW. 

AiHtTnuiridid. 

0 
3 

4 
8 

784.84 
878.60 
904.06 
987. ig 

0.02150 
0.03416 

6.00514 

: : : : 

o.oeos 

We  must  fint  aBcertain  the  molecular  conceDtmtion  of  the  areine  correspoad- 
ing  to  the  obeerred  preeaure  at  the  be^nning.  We  remember  that  at  22.4  atmos- 
pheres, or  22.4  X  760  mm.  snd  0°,  the  molar  concentration  of  a  gee  has  the 
value  1  (p.  204).    The  actual  initial  preeeure  784.84  mm.  at  310°  would  beoome, 

784  84  X  273 
*^  ""i  ■„.'„   .  ,^-„  ,  or  367.6  mm.    The  molecular  concentration  is  here,  ther^oie. 


•         '         or  0.02159  molee  per  liter.    After  3  hours,  some  hydrogen  has  been 

formed.  Hie  presnire  has  increaaed  to  878.50  mm.  Redudng  as  before,  this 
re)Keseiits  a  molecular  concentration  of  all  ingredients  of  0.D2416  mc4ee  per  Utcr. 
The  increase  is  0.00257.  This,  aa  was  demonstrated  above,  correeponds  to  a  Iobb 
of  2  X  0.00267,  or  0.00614  moles  per  Ut«r  of  araine.  Now,  employing  the  f<Hinula 
givai  above,  we  find  tjie  speed  per  hour: 


u  =  k«. 


lAaHil 
[AsHJ  -2 


-log. 


0.01945 


-  -(-  3  -  0.0006. 


This  result  means  that,  if  the  coacentraldiHi  of  the  arsine  were  to  be  maintained 
at  the  initial  value  by  continual  renewal  of  the  waste,  then  0.0006  (9.00  per  cent] 
of  the  initial  amount  would  be  deotxnpoeed  in  an  hour.  Using  the  preasuree  at 
4  and  at  8  hours,  the  reader  will  obtain  by  calculaticHi,  practically  the  same  value 
for  k.  Other  experiments  with  ErtiU  different  concentrations,  provided  the  tem- 
perature was  the  same  (p.  201),  would  likewise  give  the  same  results,  for  this  is 
the  speed  calculated  back  to  unit  concentration.  Thus  the  affinity  or  activity 
Ot  the  action  may  be  measured  with  any  concentration,  and  expressed  in  moles 
traiuformed  per  hour  with  unit  concentration.  Similar  measurements  with  other 
actions  then  enable  comparisons  of  their  relative  activities  to  be  made  (see  Exer- 
cise 10,  end  of  this  chapter); 

FormuUition  of  the  Conditions  for  Chemical  Equilibrium. 

—  The  plan  outlined  above  (p.  295)  may  be  uaed  further  t«  formulate 
the  Mtndltlou  tm  ebemloal  equlllbrtum.    As  we  have  seen  (p.  289), 
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a  characteristic  of  a  eystem  in  ch^nical  equilibrium  is  that  the  Bpeeds 
of  the  forward  and  reverse  actions  have  become  equal.  If,  then, 
[Hg]eqm.,  [Iilnim.f  ^nd  [HI]eqm.)  HOW  represent  the  molecular  concen- 
trations when  the  system  has  reached  equilibrium,  then,  since  the 
speeds  are  equal: 

[B^Un..  X  (IsUc.  X  k.  =  [HI]*e^  X  k, 

and 

[HI].^    .    =^^=  constant  =  K. 

In  words,  this  means  that  if  we  change  the  amount  of  hydrogen  iodide 
placed  in  the  same  vessel,  or  if  we  use  amounts  of  hydrogen  and  iodine 
which  are  not  equivalent,  the  numerical  value  at  equilibrium  of  each 
concentration  ((Ht],  etc.),  will,  of  course,  be  different,  but  the  product 
of  the  concentrations  of  hydrogen  and  of  iodine,  divided  by  the 
concentration  of  the  hydrogen  iodide,  will  always  give  the  same 
numerical  value  for  the  constant  at  the  same  temperature.  This 
numerical  value  is  called  the  equlUbrium  constant. 

If,  for  example,  the  value  of  the  constant  is  J,  then  the  speeds  of 
the  two  actions,  if  each  were  to  proceed  unimpeded  (say  in  separate 
vessels)  with  constantly  maintained  unit  concentrations  of  the 
materials,  would  be  in  the  ratio  kt  :  ki  or  1  :  4.  From  this  it  will  be 
seen  that  measurement  of  the  concentrations  present  in  a  system 
which  has  reached  equilibrium  ^ves  us  the  data  for  calculating  the 
value  of  this  ratio.  In  other  words,  it  g^ves  us  the  means  of  ascertain- 
ing the  relative  magnitudes  of  the  intrin^c  afBnitiee  of  the  opposed 
actions. 

Applying  this  to  the  data  ^ven  (p.  290)  for  hydn^en  iodide, 
at  445°,  with  equivalent  quantities  of  the  two  elements,  nearly  0.8 
(more  exactly,  79  per  cent)  of  the  weight  of  each  is  in  the  form  HI, 
and  0,2  in  the  mixture  Hi  +  h.  Thus  in  every  100  molecules,  80  are 
HI,  10  are  H„  and  10  are  I,.  Thus  K  =  0.1»  +  0.8*  =  ^.  That  is 
to  say,  the  union  of  hydrogen  and  iodine  would  take  place  with  64 
times  as  great  a  speed  as  the  dissociation  of  hydrogen  iodide  if  each 
action  could  proceed  without  reversal  and  under  identical  conditions. 
Or,  in  terms  of  the  kinetic  theory,  the  collisions  of  the  H*  and  Ii 
molecules  result  many  times  more  often  in  chemical  change  than  do 
colli^ons  of  HI  molecules. 

The  case  of  hydrogen  iodide  is  comparatively  simple  because  the 
volume  is  not  altered  by  the  prepress  of  the  action  (see  below).    The 
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opaoMoD  Then  phosphorus  pentachloride  (p.  260)  dissociates  compels 
U8  to  take  account  of  the  volume.    The  equation  is: 

PCUi=iPCl,  +  CU,     and    K  -  Ki^^J^U^. 
IPCUlBim. 

If  one  gram  molecule  of  the  pure  PCU  is  taken,  and  x  is  the  proportion 
dissociated,  and  v  the  volume  occufaed  by  the  whole,  then  [iPClg]BqiD.  = 

[CliU,.  =  - ,  and  [PCUW  =  ^-^^  ■    Thus  K  =  t-^-t-  ■     Now 

V  V  (1  -  x)v 

at  250°  (and  760  mm,),  for  example,  0.8  of  the  whole  weight  of  mate- 
rial iadisBOciated  :  a:  =  0.8  and  1  -  a;  =  0.2.  Hence  K  =  O-S*  -i-  0.2u 
=  3.2  -s-  V.  To  obtain  the  value  of  v  we  note  that  a  gram  molecule 
at  760  nun.  and  0°  occupies  22.4  liters.  At  250°  it  occupies  22.4  X 
{250  +  273)  -i-  273  1.  But  this  mass  of  gas  contains  0.8  more  mole- 
cules because  of  dissodation,  and  its  volume  b,  therefore,  1.8  X 
22.4  (250  -H  273)  -J-  273  =  !»  =  77.2  1.  Thus  K  =  3.2  ^  77.2  -  A. 
Otherwise  stated,  the  union  of  the  trichloride  and  chlorine  would 
proceed  twenty-five  tunes  as  fast  as  the  dissodation,  if  each  of  the 
three  substances  was  present  in  unit  concentration,  and  each  action 
could  proceed  independently  without  reversal. 

The  Effect  of  Changes  qf  Volume  on  Chemical  Equilibrium. 

—  Our  apphcations  of  the  theory  of  equilibrium  will  be  chiefly  to  dis- 
sdved  bodies,  and  hence  the  effect  on  the  equilibrium  point  of  changes 
m  volume  (by  dilution  or  the  reverse)  will  require  frequent  considera- 
tion. Now  dilution,  for  example,  diminishes  opportunities  for  en- 
countera  between  the  substances  on  both  sides  of  the  equation.  In  the 
eecoad  of  the  above  illustrations,  increasing  the  volume  decreases  the 
rate  at  which  the  chlorine  and  the  phosphorus  trichloride  can  com- 
bine. Since,  however,  the  speed  of  the  dissociation  depends  on  the 
state  of  the  PCI*  molecules  only,  and  is  unaffected  by  their  nearness  to 
or  remoteness  from  one  another,  the  forward  action  will  not  be 
weakened  at  all.  Hence,  dilution  increases  the  d^ree  of  dissociation. 
In  general,  change  in  volume  will  affect  the  equiUbrium  point  when- 
ever there  are  more  moleculeson  one  side  of  the  equation  than  on  the 
other. 


former  value  (n  whole  or  fractional),  the  concentration  changes  n 
tames.    The  equation  for  equilibrium  then  becomes,  momentarily, 
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n  [PCUl  X  n  [Ch]  -^  n  [PCU]  9^K,orn  [PCU]  X  [Cl,l  -!-  [PCU]  J*  K. 
To  restore  the  value  of  the  expression  to  equality  with  K,  change  muat 
occur  in  the  concentrations  [PCUlf  [Cli],  and  [PCU].  When  n  is  <  1, 
that  IB,  when  the  volume  increases,  some  PCU  must  pass  into  the  form 
PCU  and  CU  until  (PCU]  X  [GUI  -^  [PCU]  =  K,  as  before.  That  is, 
dilution  increases  the  d^ree  of  dissociation. 

In  case  of  hydrogen  iodide,  and  in  all  otheiB  where  the  number  of  moleculee 
taking  put  in  the  direct  and  reverse  actiooB  u  the  tame,  change  in  the  volume  of 
the  Bystem  haa  no  effect  on  the  position  of  the  equilibrium  point.  Thus  dilution 
diminiahes  the  chance  of  encounter  between  two  BI  molecuka  ta  the  nune  ext«it 
that  it  interferefl  with  enoountera  between  H,  tmd  Ii  moleculee.  Convsnely,  in- 
crease in  all  conoentraticMiB,  by  diminution  rA  volume,  favon  both  actions  equally. 
Hence,  at  445°,  70  per  cent  of  HI  will  always  be  present  at  last,  whatever  the 
volume  occupied  by  a  f^ven  amount  of  the  materials.  In  mathematical  terms,  if 
we  diminish  the  volume  n  times  (n  whole  or  fractional),  we  increase  the  oonooi- 
.  tration  of  each  ctatstituent  n  times.  The  values  become  n  [HJ,  n  llj,  and  n  [HI] 
respectively: 

-      nMHj  Xlh]      IH.]  X  tl.] 
^''  ^ ^m  iSJT' 

Heterogeneous  Equilibrium.  —  A  modification  of  the  above 
conceptions  is  necessary  when  the  mixture  is  not  homogeneous.  If, 
for  example,  one  of  the  constituents  is  present  as  a  solid  or  a  gas,  in 
greater  amount  than  can  be  dissolved  by  the  liquid  in  which  alone  the 
chemical  change  t^es  place,  then,  according  to  the  definition  of 
saturated  solution  (p.  192),  the  concentration  of  the  dissolved  material 
will  be  constant  at  a  given  temperature  as  long  as  physical  equilibrium 
between  the  solid  and  the  solution  is  m^ntained.  This  is  a  case 
especially  likely  to  occur  when  slightly  soluble  (so-called  "insoluble") 
bodies  (cf.  p.  179)  are  concerned. 

The  same  reasoning  applies  also  to  very  slightly  volatile  solids. 
The  concentration  of  the  vapor  of  a  solid  body  present  in  excess  (meas- 
ured by  its  vapor  pressure)  will  be  constant  bo  long  as  the  temperature 
is  fixed,  and  interaction  with  a  superincumbent  gas  will  take  place 
chiefly  through  the  vapor. 

In  both  these  cases  the  concentrations  of  the  active  parts  of  the 
slightly  soluble  and  slightly  volatile  bodies,  respectively,  are  oot  sub- 
ject to  variation  —  they  are  constant.    Thus,  with  the  action, 

CuS04,H»0  -*  CuSOi  +  HiO  T 
the  concentrations  of  the  vapors  [CuSOt,HiO]  and  [CuSOi]  are  cotf 
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Etaut,  and  utterly  negligible  and  that  of  water  [HiO]  alone  is  subject 
to  alteration.    We  have,  therefore, 

ICUS0..H.01 ^'    '*'     ^•^^  [CuSO,l    ^ 

in  which,  once  [CuS04,H«0],  [CuSO*],  and  K  are  constant,  [HjO]  muat 
be  ooDstant  also.  But  the  pressure  of  a  gas  is  proportional  to  its 
molecular  concentration,  according  to  Avogadro's  hypothesis.  There- 
fore, in  this  action,  the  pressure  of  the  water  vapor  (the  dlnoclatlon 
mantra)  should  be  constant  irrespective  of  the  extent  to  which  the 
dnociation  has  progressed.  Obs^ation  shows  that  this  is  the  case. 
All  hydrates,  as  we  have  seen  (pp.  151-154),  behave  in  a  predsely 
omilar  way,  and  furnish  numberless  confirmations  of  this  application 
of  the  law  of  molecular  concentration. 

i4ppItcatuHu:  The  Reverse  Action.  Duplacement  cf  £gui- 
fibria.  —  Of  special  interest  to  the  chemist  are  the  concUtions  under 
vhich  the  equilibrium  point  may  be  displaced  and  more  nearly 
complete  realization  of  one  of  the  two  opposed  changes  may  be 
broi^t  about. 

We  have  seen  (p.  292)  that  one  way  in  which  a  reverable  action 
may  be  forced  nearer  to  completion  in  one  direction  or  the  other  is  the 
mtroduction  of  an  excess  of  one  of  the  ingredients  contributing  to  the 
action.  This  method  of  displacing  the  equilibrium  point,  however, 
cannot  be  very  effective  unless  it  is  possible  to  introduce  an  exceed- 
ingly large  excess  of  the  selected  ingredient  in  a  high  degree  of  molec- 
ular concentration,  ^ce  this  operation  does  not  in  any  way  effect  or,  in 
pariicuior,  reairain  lite  reverse  action  which  is  continually  undoing  the 
work  of  the  forward  one.  A  much  more  effective  nwaiis  ot  farCharlng 
th*  <taiti«d  (UrMtkni  of  luoh  aotloni  is  found,  therefore,  in  tha  mrtralnt 
or  pncUoal  umnlmaitt  of  th«  rarerM  action.  A  good  way  to  accom- 
plish this  is  to  allow  tha  producti  of  tha  dlract  action  to  lapanta 
Into  BD  Ittbomogattaons  mlztura.  Any  ^ency  which  could  remove 
the  free  iodine  as  fast  as  it  was  formed  in  the  decomposition  of 
hydrogen  iodide,  for  example,  would  entirely  stop  the  reproduction 
(rf  the  compound  and  ao  would  enable  the  dissociation  2HI  «:±  Ht  +  Ii 
to  run  to  completion.  The  concentration  of  one  product  can  often 
Iw  reduced  practically  to  zero.  To  achieve  the  same  effect  by  adding 
m  interactLog  substance,  the  concentration  of  the  latter  would  have 
to  be  raised  to  infinity,  which  is  unpos^ble. 

I      Mz,,!:,.,  Google 
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This  might  be  realized  *  by  causing  one  end  of  a  sealed  tube 
chatted  with  hydrt^en  and  iodine,  after  the  contents  had  settled  down 
to  a  condition  of  equilibrium,  to  project  from  the  bath  in  which  the 
whole  had  been  kept  at  445°  (Fig.  97,  which  is  amply  diagrammatic). 
By  cooUng  this  end,  a  large  part  <tf 
the  21  per  cent  of  free  iodine  would 
quickly  be  condensed  in  it  to  the  solid 
form,  while  the  hydrogen  would  re- 
ijn  gaseous.  Only  the  trace  of 
vapor  which  cold  iodine  ^ves  would 
then  be  available  to  interact  with  the 
hydrogen  and  reproduce  hydrogen  iodide.  Meanwhile  the  decom- 
position of  the  latter  would  go  on,  and  thus,  eventually,  almoet  aH 
the  iodine  would  be  found  free  in  one  end  of  the  tube,  and  the 
hydrogen,  all  free  hkewise,  would  occupy  the  rest.  By  this  purely 
mechanical  adjustment  the  chemical  change  would  in  this  way  be 
carried  from  21  per  cent  completion  to  almost  absolute  completi<Hi: 
2HI  fc5  H,  +  Ij  (vapor)  t*  h  (solid). 

If,  on  the  other  hand,  arrangements  were  made  to  have  powdered 
marble,  in  a  sealed  bulb  of  thin  glass,  enclosed  in  the  tube,  we  might 
ima^e  the  very  opposite  effect  of  the  above  to  be  produced.  The 
breaking  of  the  bulb  of  marble,  when  equilibrium  had  been  reached, 
would  provide  means  for  the  removal  of  all  the  hydrogen  iodide,! 
'  while  the  hydrogen  and  iodine  would  still  be  gaseous.  Thus,  the  com- 
pound having  been  removed,  there  would  be  no  reverse  actjon  to 
compensate  for  the  union  of  the  elements.  The  whole  material  would, 
therefore,  soon  have  passed  through  the  form  HI.  Hence,  by  another 
mechanical  arrangement,  an  action  which  ordinarily  could  progress  to 
only  79  per  cent  would  be  turned  into  a  complete  one. 

The  discussion  of  hydrc^en  iodide  in  this  chapter  shows  very 
clearly  why  we  do  not  prepare  the  compound  by  uniting  the  elemento 
(p.  277).  (1)  Since  the  elements  interact  as  gases,  very  bulky  appara^ 
tus  would  be  required  to  prepare  any  considerable  quantity;   (2)  the 

*  For  another  illustratitHi,  see  under  Ammonia. 

t  The  hydrogea  iodide  would  be  destroyed  by  interaction  with  the  marble: 
2HI  +  CaCO,  -*  Call  +  CO,  +  H,0. 

The  calcium  iodide  is  a  sohd.  The  twa  gases,  carbon  dioxide  and  water  v^hv, 
do  not  interact  with  hydrogen  or  with  iodine,  and  would  not,  thenSan,  inte^ 
fere  with  the  fmnation  of  freeh  hydrogen  iodide. 
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union  is  very  slow,  taking  many  hours  at  283"  to  pve  82  per  cent; 
(3)  it  is  incomplete,  at  best,  and  we  obtain  a  mixture,  and  not  a  pure 
substance. 

Reversibility  Usually  Avoided.  —  In  every-day  chemical  work, 
ance  our  object  is  usually  to  prepare  some  one  substance,  chemists 
dther  avoid  chemical  changes  which  are  notably  reversible,  or  adjust 
the  conditions,  as  is  done  in  the  foregoing  illustrations,  so  that  the 
reverse  of  the  action  which  they  desire  is  prevented.  In  consequence 
of  this,  when  carrying  out  the  directions  for  making  familiar  prei>ara^ 
tioDs,  the  fact  that  such  actions  are  reversible  at  all  very  readily 
escapes  our  notice.  Arranging  the  conditions  so  that  the  separation 
of  a  solid  body  by  precipitation,  or  the  liberation  of  a  gas,  takes  place, 
are  the  two  commonest  ways  of  rendering  a  reversible  action  com- 
plete.  Excellent  examples  of  both  of  these  are  funuabed  by  the 
chemical  change  used  in  producii^  hydrogen  chloride  by  the  inter- 
action of  salt  and  sulphuric  acid,  the  discussion  of  which  (p.  208) 
should  now  be  studied  attentively  in  the  hght  of  these  explanations. 

The  esc^>e  of  one  member  oT  a  eystem  eng&ged  in  chemical  interaction, 
because  it  is  gaseous  or  solid,  and  in  dther  case  immiscible  with  the  rest  of  the 
monben  of  the  system,  is  the  commooeet  cause  of  the  obetruction.  of  one  <Ureo- 
tirai  of  a  teveiaible  actitm  and  the  triumph  of  the  other.  This,  aa  we  have  seen, 
is  the  omlMiied  result  <tf  the  natural  behavior  of  a  system  in  chemical  equilibiium, 
and  of  the  physical  propertiea,  particularly  the  solubility,  of  the  members  <^  the 
i^rtem.  Two  rules,  attributed  to  Berthollet,  have  been  made,  however,  to  de- 
Hiibe  these  special  cases  of  a  broader  principle.  Unfortunately,  it  ie  difficult  so 
to  word  them  that  they  shall  be  entirely  unambiguous  and  entirely  correct. 

The  "rule  of  precipitation,"  for  example,  might  read:  When  certain  claasee  of 
materials  are  brought  together  in  solution,  if  an  en;hange  of  radicals  would  produce 
an  infloluble  body,  this  exchange  will  occur.  But  then  the  fact  is  that,  in  such 
eases,  the  exchange  always  occurs  to  some  extent  whether  any  product  is  insoluble 
pr  not.  The  insolubiKty  is  responsible  only  for  the  greater  completenees  of  the 
wdiangB.  Ciude  statements  to  the  effect  that  "when  an  insoluble  body  can 
be  fanned,  it  will  be  formed,"  when  close  scrutiny  shows  them  to  possesa  any 
definite  meaning  whatever,  are  grosaly  misleading.  They  suggest  that  insolubility 
>>  a  sort  of  espedaliy  desirable  career  on  which  the  elements  are  ambitious  of 

All  forms  of  these  WMialled  laws  are  objectionable,  because  they  neoeasarily 
suggest  that  the  positive  direction  of  the  action  is  assisted  by  the  immisdbility  ai 
the  product,  and  this  is  the  precise  converse  of  the  fact.  The  immiscibility  does 
nothing  at.  all  towards  asdsting  the  formation  of  the  insoluble  substance  itself,  but 
"W  whatever  it  can  towards  preventing  the  destruction  o(  that  substance,  once  it 
>•  formed,  by  hampering  the  n^^tive  action. 
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Affinity  vs.  SolubUity.  —  The  question  of  the  relation  of  afl5n- 
ity  to  the  apparently  much  greater  efficiency  of  one  of  the  directions 
of  some  reversible  actions,  may  now  be  put  in  a  much  clearer  light  (pp. 
209,  127,  and  this  Chap.).  The  whole  of  the  possibilities  of  progress 
for  any  action  are  expressed  by  a  function  (p.  295)  of  the  form  cicik  = 
S.  If  any  one  of  the  variables,  say  one  of  the  concentrations  (ci),  is 
negligible,  the  product  must  be  small,  irrespective  of  the  values  of  the 
other  factors.  Thus  the  feebleness  of  a  chemical  action  only  shows 
that  the  product  of  all  the  variables  is  minute,  ajid  not  that  the 
affinity  factor  jwr  se  is  of  small  magnitude. 

History.  —  The  conceptions  discussed  in  this  chapter  are  not 
new,  altboi^h  they  have  come  into  general  use  ratiier  recenUy.  The  ■ 
law  of  reaction  speed,  and  the  influence  of  the  concentrations  of  the 
reacting  substance  thereon  (p.  291),  was  set  forth  and  formulated  by 
Wilhelmy  as  early  as  1850.  Gladstone  (1355)  studied  quantitatively 
the  influence  of  concentration  in  cases  of  chemical  equilibrium  (p. 
292).  The  kinetic  explanation  (p.  289)  was  developed  by  Williamson 
(1851).  Finally  the  laws  of  chemical  equihbrium  were  formulated 
more  exphcitly  and  applied  more  thoroughly  by  two  Norwe^paik 
chemists,  Guldberg  and  Waage  (1864r-9). 

The  Influence  of  Temperature  on  the  Speed  of  any  Reae* 
tion.  —  The  activity  of  chemical  change,  and  therefore  the  ipesd  «( 
all  ohemlwJ  olumsM,  ii  iiicTMAod  t^  raisins  tho  temperaturs  and 
diminished  by  lowerii^  it  (c^.  p.  93).  Thus,  zinc  displaces  hydrogen 
more  rapidly  from  hot  than  from  cold  hydrochloric  acid.  Different 
actions  are  affected  in  different  degrees,  and  no  simple  rule  accu- 
rately defining  the  effect  can  be  given.  Roughly  speaking,  however, 
a  rise  of  10°  doubles  the  speed  of  every  action.  A  rise  of  100°  will 
therefore  make  the  speed  roughly  1024  times  greater.  Hence,  when 
the  chemist  finds  that  two  substances  show  no  evidence  of  interac- 
tion, he  infers  that  there  must  be  either  slow  action  or  none,  and  he 
seeks  to  settle  the  question  quickly  by  heating  the  mixture. 

The  Influence  of  Temperature  on  a  System  in  Equilib- 
rium. —  In  a  reversible  change  the  two  opposing  reactions  are 
different  actions  and  their  speeds  are  therefore  affected  in  different 
degrees  by  the  same  alteration  in  temj)erature.  Hence,  when  the 
temperature  is  changed,  the  relative  amount  of  the  two  sets  (rf 
materials  present  is  altered  and  the  equilibrium  is  displaced.    Thus, 

""  - Cooc^lc 
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in  Deacon's  process,  a  rise  of  40°  in  the  temperature  displaces  the 
equilibrium  backward  (p.  217)>  and  diminiaheB  the  yield  of  chlo- 
rine by  5  per  cent.  In  the  vapor  of  phoephorus  pentachloride 
(p.  260),  the  displacement  is  in  the  opposite  direction.  The  vapor 
is  a  mixture  of  the  pentachloride  with  the  trichloride  and  free  chlorine : 
PCU  J=i  PCI,  +  Cli.  At  200°  and  760  mm.,  51.5  per  cent  of  the 
material  is  present  as  pentachloride  and  48.5  per  cent  aa  trichloride 
and  chlorine.  Raising  the  temperature  to  250°  (760  mm.)  changes  tlie 
proportions  to  30  per  cent  and  80  per  cent,  respectively.  At  300° 
only  3  per  cent  of  the  pentachloride  renuuns.  Evidently,  here,  raising 
the  tmiperature  favors  the  decomposition  of  the  pentachloride, 
and  therefore  increases  the  speed  of  its  dissociation  more  than  it 
does  the  speed  of  the  reunion  of  the  trichloride  and  chlorine. 

Van't  Hqff'B  Law,  —  One  use  of  a  taw  is  to  enable  us  to  answer 
a  question,  when  we  have  not  in  m^nory  the  fact  constituting  the 
answer,  and  even  when  we  have  never  read  or  heard  the  fact.  The 
law  or  rule  enables  a  little  reasoning  to  take  the  place  of  a  vast 
amount  of  memorizing.  Thus,  to  answer  the  question:  Does 
sodium  chloride  always  have  the  same  composition,  it  is  not  necessary 
to  have  read  and  to  remember  all,  or  any  of  the  numerous  investiga- 
tions of  this  substance  that  have  been  made.  We  smi^y  re^er  the 
question,  mentally,  to  the  law  of  definite  proporUons,  and  say  "yes." 
Now  the  facts  mentioned  above  are  connected  by  a  law  which  will 
answer  many  practical  questions  in  chemistry. 

When  phosphorus  trichloride  and  chlorine  combine  (to  form 
PClt),  heat  is  ffwen  out.  Conversely,  when  phosphorus  penta- 
chloride dissociates,  heat  is  absorbed: 

PCU  +  30,000  cal.  ?2  PCU  +  CU- 

Now,  when  the  temperature  is  raised,  the  action  proceeds  in  the 
direction  of  decomposing  more  of  the  pentachloride.  That  ia,  the 
equiUbrium  is  displaced  in  the  direction  which  abaot^s  heat. 

In  Deacon's  process,  we  find  that  the  interaction  of  hydrogen 
chloride  and  oxygen  liberatea  heat, 

4HC1  +  Oi*=t2HiO  +  2CU  +  28,000  cal., 

and  in  this  action  nasiTig  the  temperature  drives  the  equiUbrium 
backward,  and  a  Imoerijig  in  the  temperature  is  required  to  i 
the  yield  of  chlorine. 

The  rule  is  obvious,  and  applies  to  all  reversible  reactions:  Wl 
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tho  tamp«ratnra  of  »  ayBtem  In  oquilllnlum  is  nUsml,  ttao  oqufllbrlum 
point  ia  dlspUoed  in  Uia  diroction  wbicb  ftbsorbB  boftt.  In  other 
words,  a  rise  in  temperature  favore  the  interaction  of  that  one  of 
the  two  sets  of  matcriala  to  which  the  heat  is  added  {+  agn)  in  the 
equation.  If  the  equation  happens  to  be  written  with  a  negative 
heat  of  reaction  {e.g.,  p.  100),  the  heat  can,  of  course,  be  transferred 
to  the  other  side  with  its  sign  changed.  This  law  is  'known  as  nn't 
Hofl'B  Uw  of  mobilo  MiuiUbrluin.' 

We  have  already  encountered  numerous  illustrations  of  this  law. 
The  interaction  of  steam  and  iron  (p.  116)  is  exothermal,  and  ao  the 
higher  the  temperature,  the  more  conspicuous  the  reverse  action 
becomes.  Again,  as  the  temperature  rises,  barium  perojdde  givea  a 
higher  pressure  of  oxygen  (p.  82),  hydrates  give  a  greater  pressure  of 
water  vapor  {p.  151),  and  the  dissociation  of  molecular  hydrogen 
increases  (p.  253),  because  these  actions  all  absorb  heat.  Many  other 
examples  will  be  noted  as  we  reach  them  (see  ozone,  ammonia,  nitric 
oxide). 

This  law  is  of  practical  value.  More  than  once,  m  chemical 
factories,  much  time  and  money  have  been  spent  on  tryii^  to  arrange 
machinery  to  give  a  better  yield  of  some  substance  at  a  hi^  tem- 
perature, when  a  reference  to  this  law  would  have  shown  that  the 
chief  change  necessary  was  to  use  a  lower  temperature,  and  perhaps 
hasten  the  action  by  use  of  a  contact  agent. 

Application  to  Hydrogen  Iodide.  —  At  283°,  a  mixture  of 
hydrogen  and  iodine  yields  82  per  cent  of  hydrogen  iodide  and  18 
per  cent  of  the  uncombined  elements.  At  445°,  the  yield  of  hydrogen 
iodide  is  79  per  cent,  and  at  508"  only  76  per  cent.  Since  the  elements 
increase  in  quantity  as  the  temperature  rises,  we  infer  that  the 
dissociation  of  the  compound  absorbs  heat.    At  400°,  the  value  is: 

2HI  +  535cal.^H,  +  Ii. 

Curiously  enough,  at  low  temperatures,  the  action  is  exothermal. 
Thus  at  18°: 

2HI-»Ht+I,  +  6100caI. 

A  reversal  of  the  sign  of  the  heat  of  a  reaction  is  not  uncommon. 
Thus,  ammonia  and  hydrogen  bromide,  up  to  about  320°,  give  out 
heat  in  combining.  Beyond  that  temperature,  ammonium  bromide 
gives  out  beat  in  dissociating  (A.  Smith),  and  so  beyond  that  tem- 
perature the  degree  of  dissociation  ia  less  the  higher  the  temperature 
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(with  135  mm.  prea.  35  per  cent  at  330°,  and  20  per  cent  at  390"). 
Such  reversals  are  common  in  cases  of  ionization  (q.v.). 

Applicatutn  to  Physical  Equitibria.  —  Van't  Hoff's  law  ap- 
plies alao  to  physical  processes.  Thus,  as  the  temperature  rises, 
a  Bubetance  which  absorbs  beat  in  dissolving  will  become  more 
soluble.  This  is  the  commoner  case,  as  is  shown  by  the  way  in 
which  most  solulinlity  curves  (Fig.  79,  p.  191)  ascend  with  risii^ 
temperature.  Conversely,  a  substance  which  ^ves  out  heat  when 
dissolving  in  a  solution  already  almost  saturated  with  the  compound 
is  less  soluble  with  rising  temperature.  For  example,  anhydrous 
sodium  sulphate  gives  out  heat  in  dissolving,  and  so  its  solubility 
dinunishes  (Fig.  80,  p.  193)  with  rising  temperature. 

^ain,  the  vaporization  of  a  liquid  absorbs  heat,  and  so  an  in- 
crease in  temperature  will  increase  the  pressure,  and  therefore  the 
concentration  of  its  vapor  (p.  146). 

Le  Chatelier's  Law,  —  The  above  mentioned  law  is  really  a 
particular  case  of  a  more  general  one.  If  boum  strass  {e.g.,  by  change 
of  temperature,  pressure,  or  concentration)  la  broosbt  to  bear  on  a 
■ptam  In  AquUibrlum,  tha  Miuillbriuiii  ia  dlaplacsd  in  ttao  dlrectloii 
irtiieli  tonds  to  undo  tbs  «ffect  of  tbo  strou.  Thus,  raising  the 
temperature  furthers  the  change  which  absorbs  heat  —  and  there- 
fore would  tend  to  lower  the  temperature.  Increasing  the  concentra- 
tion of  the  molecules  pushes  tbe  action  in  the  direction  which  uses  up 
these  very  molecules  (p.  291).  Again  pressure  causes  ice  to  melt, 
because  the  water  which-  is  formed  occupies  a  smaller  volume,  and 
this  change  tends  to  relieve  the  pressure.  But  pressure  wiU  not 
cause  most  substances  to  melt,  because  usually  the  liquid  form  oc- 
cupies a  greater  volume  and  its  production  would  tend  to  increase 


Summary.  —  In  this  chapter  three  questions  are  answered: 

1.  Why  do  some  chemical  actions  cease,  while  still  incomplete? 
Answer:  They  are  reverable. 

2.  What  explains  the  position  of  the  equilibrium  point?  An- 
swers: (a)  Equal  effects  of  opposed  molecular  actions;  (b)  Equality 
in  speed  of  opposed  reactions. 

3.  What  will  displace  the  equUibrium  point?  Answer:  (a) 
Change  in  concentration  of  one  (or  more)  of  tbe  substances;  (6) 
Cbai^  in  the  temperature. 

-■    C.ooylc 
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Exerdaea.  —  1.  Why  is  the  fonnation  of  the  fallowing  sub- 
stances complete:  (a)  ailver  chloride  (p.  20),  (b)  hydit^en  chloride, 
and  (c)  water  by  union  of  the  elements? 

2.  How  could  the  interaction  of  chlorine  and  water  (p.  223)  be 
brought  to  completion? 

3.  E^lain  why  the  decompoaition  of  potasaum  chlorate  is 
complete. 

4.  In  view  of  the  statement  on  p.  80,  explain  why  mercuric  oxide 
is  completely  decompbsed  by  heating.  Piunt  out  the  resemblance 
between  this  experiment  and  the  imag^naiy  one  illustrated  in  Fig.  97 
(p.  302). 

5.  Why  can  magnetic  oxide  of  iron  be  reduced  completely  by  a 
stream  of  hydrogen  (p.  127),  and  iron  oxidized  completely  by  a  current 
of  steam  (p.  116)? 

6.  With  the  phosphorus  pentachloride  system,  say  at  250°,  what 
effect  would  suddenly  enlarging  the  space  cont^nii^  a  (pven  amount 
of  the  vapor  produce?  What  would  be  the  effect  of  diminishing  the 
space?  What  would  be  the  effect  of  introducing  additional  chlorine 
into  the  same  space  (p.  2QQ)? 

7.  By  what  practical  means  could  the  degree  of  diasodation  of 
sulphur  vapor  (Ss)  be  reduced,  without  chai^ng  the  temperature 
(p.  261)? 

8.  What  inference  should  you  draw  from  the  fact  that:  (a)  the 
solubilities  of  potassium 'nitrate,  sodium  chloride,  and  Glauber's  salt 
(p.  191)  increase  with  rise  in  temperature  (p.  305);  (6)  that  those  of 
calcium  hydroxide  (p.  190)  and  triethylamine  decrease  with  rise  in 
temperature? 

9.  la  the  beat  of  solution  of  lead  nitrate  (p.  191)  porative  or  n^a- 
tive? 

10.  Cany  out  the  calculation  of  iS  for  4  and  8  hours  (p.  297). 

11.  What  is  the  molecular  concentration  of  the  oxygen  in  the  air 
(pp.  9,  294),  of  the  nitrogen  in  the  air,  of  the  aqueous  vapor  above 
water  at  10°  and  at  ^  (p.  146),  of  a  solution  containing  one  formula- 
weight  of  sodium  chloride  in  10  liters,  of  a  solution  containing  65  g. 
of  hydrogen  iodide  in  250  c.c.  ? 

12;  What  are  t&e  partial  pressures  of  the  three  oompoaente  of 
phosphorus  pentachloride  vapor  at  250°  and  760  mm.  (p.  260)7 
What  are  their  molecular  concentrations? 

13.  Using  the  model  on  p.  29S,  study  the  dissociation  of  KIj 
(p.  276),  of  iodine  vapor  (p.  276),  and  of  hydrc^en  iodide  (p.  306), 
and  the  formation  of  ferric  thiocyanate  (p.  292).     Show  in  each  case 
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tbe  effect  on  the  system  of  increase  in  volume  without  change  in 
the  amount  of  material  (p.  299). 

U,  What  actions  in  Chap.  XIV  are  complete  for  the  same 
reason  that  the  action  of  sulphuric  acid  on  salt  (pp.  207-209)  is  so? 

15.  At  a  given  temperature,  would  increasing  the  pressure  in  a 
mixture  of  hydrogen  and  bromine  vapor  render  tbe  union  more  or  less 
complete?  Is  tbe  action  more  complete  at  a  high  or  at  a  low  tem- 
perature? 

16.  How  could  a  hydrate  be  completely  dehydrated? 

SnouBT  OP  Pbimcifus 

Tbe  BOLomary  of  some  of  tbe  chief  principles  of  the  Bcienoe  (p.  229)  may  now 
nceiTe  aevtnX  important  additions.  For  the  sake  of  completeneaB,  reference  to 
tbe  periodic  system  is  made  in  No.  21,  to  isomettf  in  No.  22,  and  to  the  phase  nde 
in  No.  23,  althou^  these  subjects  have  not  yet  been  taken  up. 

15.  That  weight  of  each  >u68fan(%  which  in  the  gaseous  condition  occupied  the 
game  v<dume  as  32  gmos  of  oxygen,  temperature  and  piessuK  being  alike  for 
both  (nantdy,  22.4  liters  at  0°  and  760  nun.],  is  taken  as  the  chemical  unit  of 
weight  tor  the  substanoe,  and  is  known  as  its  malar  weii/ht  (p.  236). 

10.  Iliat  wraght  of  each  dement  which  is  the  greatest  common  measure  of 
the  quantities  of  the  dement  found  in  tbe  molar  weights  of  its  compomids  is  taken 
as  tbe  chemical  unit  al  weight  for  the  element,  and  is  known  as  its  abmac  wdght. 
This  weight  has  tbe  pnqierty  described  in  6  (p.  230). 

like  compoeituxi  of  esch  substance  is  expressed  in  terms  of  tbe  atomic  weights 
M  units,  and  the  sum  of  the  abMnio  wa^ts  is  multiplied  by  an  integer,  when 
necesary,  so  as  to  equal  the  molar  wdght  (p.  249). 

17.  The  numbtt  (A  equivalent  weights  of  bydrograi  which  combine  with,  or  are 
ni[daeed  by  the  alranic  wei^  <A  an  element  is  called  the  valence  of  the  dement 
(p.  132). 

18.  Tlie  speed  of  every  interaction  is  a  function  of  the  first,  or  some  hitter 
power  of  the  molar  conaentrBtion  of  each  interacting  substance  (p.  204). 

19.  Substaocee  undergrang,  at  a  fixed  temperature,  an  interaction  which  is 
lereisible,  reach  a  condition  of  equilibrium.  The  finst  proportions  of  the  mate- 
rials are  such  that  the  speeds  (see  IS)  of  the  opposed  actimis  are  equal  (p.  290). 

20.  Van't  HofPs  law  and  Le  Chatelier'a  law  (pp.  305,  307). 

21.  £ach  Yemeni  has  its  own  set  of  chemical  relations  (pp.  226,  284) :  e.g.,  it 
can  enst  in  oombinatitm  with  certain  other  elements;  it  has  a  certain  valence, 
and  may  have  more  than  one  valence;  it  confers  certain  properties  on  its  com- 
pounds as  a  class;  it  is  metallie  tx  non-metallic  (pp.  150,  284);  it  resembles 
certain  other  elements  in  several  of  these  respects  (fi.g.,  tbe  balt^ns),  and  diSeiB 
from  others,  in  a  way  more  ix  lees  definitely  described  by  its  place  in  the  periodie 
BJ«em  (g.B.). 

In  ootopkoc  cases,  the  inter-relations  of  the  elementary  units  in  a  oiMnpoiuuJ, 
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and  the  leUtions  of  the  compound  to  other  (xxnpooitdB  (see  No.  22),  ue  repn- 
Bented  gr^hically  by  formube  baaed  upoD  aa  hypotheeta  of  mi^ecular  atnieture 
(pp.  263,  322). 

22.  Identical  combinationa  of  matter  may  oonatitute  more  than  aae  com- 
pound substance  (iaomera,  see  Urea).  These  may  have  equal  molar  weights  (op- 
tical and  atructural  iaomers),  or  they  may  have  different  molar  wei^ta  (pofytoaa, 
pp.  260,  232). 

23,  In  a  system  in  equilibrium  the  number  of  components  plus  two  equals  Ifae 
number  of  phases  plus  the  number  of  degrees  of  freedom  (Phase  rule,  f.*.). 
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OZOMB  AND  HTDROOSH  PBBOZIIHB 

A  FBB8H,  penetrating  odor,  resembling  that  of  very  dilute  chlorine, 
was  noticed  by  van  Marum  (1785)  near  an  electrical  machine  in 
operation.  Schdnbein  (1S40)  showed  that  the  odor  was  that  of  a 
distinct  substance,  which  he  named  ozone  (Gk.  Sftw,  to  smell),- and 
he  discovered  a  number  of  ways  of  obtaining  it.  It  is  questionable 
whether  there  is  any  ozone  in  the  air,  eiceepting  temporarily  in  the 
immediate  neighborhood  of  a  natural  or  artificial  discharge  of  elec- 
tricity. 

Formation  of  Oapne.  —  The   most  significant  way  in  which 
ozone  is  formed  is  by  heating  oxygen.    The  proportion,  at  equi- 
librium, increases  as  the  temperature  rises.    'Diis  shows  that  it  is 
formed  with  absorption  of  heat  (van't  HcfE's  law,  p,  305). 
30»  + 61,400  cal.izi  20,. 

The  percentages  of  ozone  formed  are:  at  1296°,  0.1  per  cent;  at 
2048",  1.52  per  cent;  at  4500°,  16.5  per  cent.  If  the  mixture  is 
allowed  to  cool  slowly,  the  proportion  diminishes  as  the  tempera- 
ture falls,  by  reversal  of  the  above  reaction  until,  at  300°  or  below,  ■ 
the  amount  is  practically  zero.  Kapid  cooling,  however,  to  room 
temperature,  at  which  this  reaction  is  very  slow,  will  preserve  most 
of  it.  A  convenient  way  of  demonstrating  its  formation  by  heating 
ia  to  immerse  a  platinum  wire,  heated  white  hot  by  an  electric  cur- 
rent, or  a  small  jet  of  burning  hydrogen,  under  the  surface  of  some 
liquid  air.  The  ozone  is  formed  close  to  the  hot  wire  or  Same,  and 
is  instantly  cooled  as  it  leaves  that  region  by  contact  with  the  liquid 
(ur  (—190°),  and  so  1.5-2  per  cent  of  it  is  found  in  the  gases  evapo- 
rated by  the  heat.  A  recognizable  trace  of  ozone  is  even  formed 
when  a  small  jet  of  oxygen  is  blown  through  the  tip  of  a  Bunsen 
flame. 

Ozone  is  found  in  the  oxygen  generated  by  electrolysis  of  dilute 
sulphuric  acid  (p.  120).  It  arises  during  the  slow  oxidation  of  phos- 
phorus by  the  air,  resulting,  probably,  from  the  decomposition  of 
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unstable,  highly  oxitUzed  bodies  which  are  fonned  durii^  the  action. 
Oxygen  containing  as  much  as  15  per  cent  of  it  is  produced  by  the 
interaction  of  fluorine  and  w^ter  (p.  281). 

Pr^taration  qf  Osone.  -^  The  most  satisfactory  way  of  prepar- 
ing osone  0)  is  to  furnish  the  necessary  ener^  by  allowing  electric 
waves  to  ;>ass  through  oxygen.  The  apparatus  (Fig.  98)  conaiBts 
of  two  co-tudal  glass  tubes,  between  which  the  oxygen  flows.    The 


waves  are  generated  by  connecting  an  outer  layer  of  tinfoil  on  the 
outer  tube,  and  an  inner  layer  of  tinfoil  in  the  inner  tube  with  the 
poles  of  an  induction  coil.  With  dry,  cold  oxygen,  about  7.5  per 
cent  of  the  gas  is  turned  into  ozone.  Etching  the  surface  of  the 
glass  next  to  the  oxygen  with  hydn^en  fluoride  improves  the  yield. 

Physical  Propertiea  qf  Ogone.  —  Ozone  is  a  gas  of  blue  color. 
It  boils  at  —US',  so  that  when  a  mixture  of  oxygen  and  ozone  is  led 
through  a  U-tube  immersed  in  liquid  oxygen  (  —  182.5"),  the  osone 
.is  liquefied.  The  deep-blue  fluid  contains  only  about  14  per  cent  of 
oxygen,  and  this  may  be  removed  by  evaporation.  When  this  liquid 
ia  distilled,  the  last  portion  contains  ozosono  O4  (C  Harries),  which 
constitutes  about  11  per  cent  of  the  ozone  made  by  the  use  of  electric 


Ozone  is  much  more  soluble  in  water  than  is  oxygen.  At  12°, 
100  volumes  of  water  would  dissolve  50  volumes  of  the  gas  at  one 
atmosphere  pressure.  Its  solubility,  when  mixed  with  (x^gen,  is 
in  proportion  to  its  partial  pressure  (p.  188). 

Chemical  Properties  c^  Ozone.  —  Ozone  can  be  kept  unde- 
composed  only  when  mixed  with  much  oxygen.  Hence  its  density 
and  molar  weight  cannot  be  ascertained  save  by  indirect  means. 
The  weight  of  a  liter  of  the  mixture  at  0°  and  760  mm.  bavin^  been 
measured,  the  ozone  may  be  removed  by  absorption  in  turpentine 
and  the  volume  of  it  present  in  the  gaseous  mixture  be  thus  aaoer- 
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t&ined.  For  example,  if  the  weight  of  1  1.  was  1.468  g.  and  50  c.c. 
were  abBorbed  by  turpentine,  there  were  950  c,c,  of  oxygen.  The 
wdght  of  this  oxygen  is  1000  :  950  ::  1.429  :  x,  from  which  x  = 
1.361  g.  The  rest  of  the  weight,  1.468  -  1.361  or  0.107  g.,  was 
that  of  50  C.C.  of  ozone.  The  weight  of  1  I.  of  ozone  at  0°  and  760 
mm.  is  therefore  2.140  g.  The  molecular  w^ght  (we^t  of  22.4  1.) 
is  thus  47.9  g.,  or  nearly  48  g.  The  fonnula  of  ozone  is  therefore  Oi. 
When  produced  in  cold  oxygen,  by  energy  from  electric  waves, 
it  decomposes  slowly.  But  this  change,  like  all  others,  is  hastened 
by  raising  the  temperature.  Equilibrium,  with  almost  no  ozone,  is 
reached  instantly  at  250-300°.  Liquid  ozone  sometimes  decom- 
poses explosively.  As  the  equation  shows: 
30,^20, 

three  volumes  of  oxygen  pve  two  volumes  of  ozone.  That  thia 
equation,  showing  that  three  molecules  of  oxygen  ^ve  two  mole- 
cules of  ozone,  is  correct,  may  be  demonstrated  by  measuring  the 
diminution  in  volume  which  accompanies  the  action.  If  a  shrink- 
age of  5  c.c.  is  observed  in  forming  the  ozone,  it  is  found  that  10  c.c. 
more  are  then  absorbed  by  turpentine.  Thus  the  ozone  occupied 
10  c.c,  and  the  total  oxygen  from  which  it  was  made  was  therefore 
15  c.c.     Hence  three  volumes  of  oxygen  give  two  of  ozone. 

Ozone  is  a  much  more  active  oxidlxliig  ac«at  than  is  oxygen. 
Mercury  and  silver,  which  are  not  affected  by  the  latter,  are  con- 
verted into  ojddea  by  the  former.    Silver  gives  the  peroxide,  AgiOt:    . 

2Ag-|-20,->Ag,0,-1-20,, 

and  this  action  is  used  as  a  test  for  ozone.  Paper  dipped  in  starch 
emukdon  containing  a  Httle  potassium  iodide  is  also  used  as  a  test: 

O,  -H  2KH-  H/)  -♦  O,  -I-  2K0H  + 1». 

The  iodine  ^ves  a  deep-blue  color  to  the  starch  (c/.  p.  276).  This 
test,  however,  will  not  distinguish  ozone  from  chlorine  or  hydrc^en 
peroxide,  aad  may,  ther^ore,  be  used  only  in  the  absence  of  these 
Bubetances.  The  last  substance  is  always  present  in  the  ur  and, 
since  sax  usually  shows  the  above  action,  is  probably  responsible  for 
the  belief  that  air  contains  ozone.  The  action  on  silver  has  never 
been  obtained  with  sir. 

Ozone  also  removes  the  color  from  many  of  the  vegetable  color- 
ing matters  and  artificial  dyes.  It  should  be  understood  that  the 
great  majority  of  the  complex  compounds  of  carbon  are  colorless. 
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Even  a  slight  chemical  change,  affecting  only  one  or  two  of  the 
atoms  in  a  complex  molecule,  is  thus  almost  sure  to  give  a  color- 
less or  much  less  strongly  ■  colored  material.  Indigo,  CkHwNiOj, 
which  has  a  deep-blue  color,  is  an  example  of  k  vegetable  dye  that 
is  also  made  artificially.  When  ozonised  air  is  bubbled  through  a 
dilute  solution  of  this  dye  (as  indigo-carmine),  the  indigo  is  oxidized 
to  isatin  CgHtNOt,  and  the  color  disappears  (see  below). 

Oxygen  and  ozone  are  different  substances  (p.  4),  that  is,  have 
different  properties.  The  difference  in  density,  interpreted  in  terms 
of  the  molecular  hypothesis,  pves  us  the  statement  of  the  nature  of 
the  difference  which  is  embodied  in  the  formuItB  Oj  and  Oj.  The 
difference  in  activity,  interpreted  in  terms  of  the  conception  of  en- 
ergy, gives  us  the  other  method  of  stating  the  nature  of  the  difference. 
The  recent  preference  for  'the  second  method  is  well  illustrated  by 
thia  case.  The  first  method  uses  a  mere  phydcal  property,  the 
second  a  fact  which  is  intimately  connected  with  the  whole  chemical 
behavior  of  the  substance,  a  matter  of  much  greater  interest  to  the 


Ozone  may  be  distinguished  from  chlorioe,  nitrogen  peroxide,  and  other  oxi- 
di^g  agents,  with  the  cxccptim  of  hydrogen  peroxide,  by  using  pink  litmus  paper 
instead  of  pkin  paper  to  cany  the  potassium  iodide  solution  in  the  above  test. 
The  potassium  hydroxide  set  free  by  ozone  turna  the  paper  blue.  Chlorine,  (or 
example,  gives  an  entirely  different  action:   Cli  +  2KI  — »  2KC1  +  Ii, 

Ozone  is  u»d  commercially  in  bleaching  oils,  waxes,  ivory,  flour, 
and  stareh.  It  is  employed  also  for  sterilizii^  drinking  water  in 
Petrograd,  IJlle,  and  other  cities.  For  this  purpose,  however, 
bleaching  powder  is  less  expensive.  Ozone  is  used  also,  in  ventila- 
tion, to  destroy  (or  obscure)  the  odors  in  the  animal  houses  of  eooli^- 
cal  gardens,  and  to  kill  the  bacteria  and  spores  carried  by  the  dust  in 
the  air.  A  rather  high  concentration  is  required  for  the  last-named 
purpose  however, 

Oxidixing  Agents,  and  Explanation  ef  their  Activity.  — 

When  ozone  turns  into  oxygen  much  heat  is  liberated  (equation, 
p.  311).  Ozone  possesses,  therefore,  much  more  internal  energy 
than  does  oxygen.  On  this  account  it  brings  to  the  task  of  oxidiz- 
ing any  substance  more  enei^  than  does  oxygen  itself,  and  is  there- 
fore more  efficient.  Thus,  free  oxygen  does  not  interact  in  the  cold 
with  indigo,  or  with  alver  or  potassium  iodide  (see  above),  while 
ozone  oxidizes  them  rapidly. 
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The  heats  of  reactioD  show  the  difterence  very  clearly.  In 
equation  (2),  below,  1800  cal.  is  the  amount  of  heat  which  would  be 
liberated  if  indigo  could  be  oxidized  to  isatin  by  oxygen  gas.  When 
ozone  is  used,  we  obtain,  in  additi<m,  the  heat  of  decomposition  of 
this  Eubetance  (equation  1),  so  that  the  total  heat  liberated  (equa- 
tion 3),  63,200  cal.,  is  35  times  as  great  as  in  equation  (2)  where  free 
oxygen  is  the  oxidizing  agent: 

20,  =  20i(+20)       +      61,400  cal.  (1) 

C]«HioN^  +  (20)  =  2CgHsN0t  +        1,800  cal.  (2) 

C,JIioN,0,  +  2Qi  =  ZCgHsNO,  +  20,  +  63,200  cal.  (3) 

By  amilar  reasoning  we  explain  the  superiority  of  potasMum  pei^ 
manganate  over  free  oxygen  for  oxidizit^  hydrocMoric  acid  (p. 
218).  Substances  which  are  more  active  oxidizers  than  is  free 
oxygen  belong  to  the  class  of  oxidizing  acents. 

It  should  be  noted  that  when  ozone  acts  as  an  oxidizing  agent, 
usually  only  one  of  the  atoms  of  oxygen  in  each  molecule  plays  this 
part,  and  oxygen  gas  is  formed.  This  is  illustrated  in  all  the  three 
examples  cited  in  the  preceding  section. 

AUotropic  Modifications.  —  We  have  seen  that  a  substance 
tnay  exist  in  more  than  three  regular  states,  solid,  liquid,  and  gaseous. 
Whao  ft  atinido  subitancs  shows  more  than  one  tonu,  In  the  tame 
■tUe,  like  oxygen  and  ozone,  we  call  them  allotroplc  modifications. 

Htdrogkn  Pbboxide  H»Ot 

Pr^taration  of  Hydrogen  Peroxide.  —  When  sodium  peroxide 
{^.i".)  is  added,  a  little  at  a  time,  to  a  dilute  acid,  hydrogen  peroxide 
is  set  free  and  remains  dissolved  in  the  water: 

Na,0,  +  2HC1  tF  2NaCl  +  H,0,. 

When  hydrated  barium  peroxide  Ba0i,8Hi0  is  shaken  with  cold, 
dilute  sulphuric  acid  a  similar  action  takes  place: 

BaO,  +  H,S0*  fc*  BaS04  i  +  H,0,. 

The  substance  was  discovered  by  Thenard  (1818)  by  the  use  of  this 
reaction.  The  excess  of  sulphuric  acid  may  be  removed  by  adding 
barium  hydroxide  solution  cautiously  until  no  further  precipitation  of 
bariumBulphat«occur8:Ba(OH)!  +  H!S04fc5BaSOU  +2HsO.  Hy- 
drochtoric  add  or  phosphoric  acid  may  be  used  instead  of  sulphuric 
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acid.  The  second  is  largely  employed  in  the  commercial  maou- 
facture  of  hydrogen  peroxide.  In  ^ch  case,  great  care  has  to  be 
taken  to  precipitate  the  other  products  and  all  impurities  from  the 
solution.  '  When  hydrochloric  acid  is  used,  for  example,  the  barium 
chloride  produced  by  the  action  is  removed  by  adding  diver  sulphate: 

BaCl,  +  AgjSO^fc^BaSO*  i  +  2AgCl  i. 

An  aqueous  solution  is  also  obtained  by  passing  carbon  diindde 
through  barium  peroxide  suspended  in  water: 

C0»  +  H^  fi  HiCOi  +  BaO,  *=;  BaCO,  I  +  H»Oi. 

Pure  hydrogen  peroxide  is  isolated  from  any  of  these  solutions  by 
distillation  under  reduced  pressure.  To  secure  the  low  pressure,  the 
ordinary  distilling  apparatus  (Fig.  20,  p.  43)  is  made  completely 
air-tight,  and  is  connected  by  a  branch  tube  with  a  water-pump. 
Hydrogen  peroxide  is  much  less  volatile  than  water,  but  decomposes 
into  water  and  oxygen  violently  at  100°.  Hence  the  lower  pressure 
is  required  to  make  posmble  its  volatilization  at  a  temperature  bdow 
this  point.  At  26  mm.  pressure,  the  water  begins  to  pass  off  first 
(at  about  27°).  The  last  portion  of  the  liquid  boils  at  69"  and  is 
almost  all  hydrogen  peroxide. 

By  evaporating  the  commercial  (3  per  cent)  solution  at  70°,  a 
liquid  containing  4t5  per  cent  of  hydn^n  peroxide  may  be  made 
without  much  loss  of  the  material  by  volatilization. 

Hydrogen  peroxide  was  formerly  separated  from  the  other  sub- 
stances produced  in  the  reaction  for  its  preparation,  and  from  a 
large  part  of  the  water,  by  repeatedly  shaking  the  mixture  with 
ether  (cf.  p.  180).  The  relative  solubility  in  water  and  ether  is 
1  : 0.0596,  however,  so  that  much  ether  is  needed.  The  ethereal 
layer,  which  rises  to  the  top,  when  evaporated,  leaves  a  strong 
aqueous  solution  of  the  compound  behind.  Explosive  substaocea 
are  often  formed  by  interaction  with  the  ether  (perhaps  ethyl 
peroxide  (C»H()jOji),  however,  and  so  this  method,  is  no  longer 
employed, 

77m  Interaction  <^  Barium,  Peroxide  and  Sulphuric  Add. 

—  It  is  worth  noting  that,  although  common  barium  peroxide  is  not 
leas  soluble  in  water  than  is  the  hydrated  form  used  above,  it  dissolves 
much  more  slowly.  The  fact  that  it  is  made  by  heating  barium 
oxide  in  oxygen  and  is  composed  of  compact  particles  is  perhaps 
accountable  for  this. 
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Every  action  upon  a  HtUe-Boluble,  or  slowly  diesolving  body,  like 
the  barium  peroxide  in  the  above  actions,  is  rather  complex.  It  ia 
oiUy  the  di^lved  part  of  the  substance  that  interacte.  There  is 
thus  a  physical  equilibrium  between  the  undissolved  and  the  dissolved 
bodies,  BaOt  (sohd)?^BaOi  (dslvd),  the  displacement  of  which 
furniahes  the  material  for  the  chemical  action.  The  latter  has  there- 
fore to  foUow  the  pace  set  by  the  former.  When  barium  sulphat-e 
is  precipitated,  another  physical  equiUbrium  follows  the  chemical 
chuige:  BaSOt  (dslvd)  ^  BaSO*  (soUd).  When  relatively  insol- 
uble bodies  are  used  or  produced,  there  is  thus  a  chain  of  equilibria 
each  depending  on  the  others: 

B^  (soUd)  ±9  Bad  (dslvd)  +H.SO1I:;  HA  +  BbSO,  (dstvd)  ±9  BaSO.  (soVd). 
If  the  barium  sulphate  ceased  to  be  precipitated,  its  interaction  in 
solution  with  the  hydrogen  peroxide  would  drive  the  central  action 
backwards,  and  barium  peroxide  would  be  precipitated  instead. 
The  success  of  the  process  thus  depends  on  the  fact  that  barium  sul- 
phate is  less  soluble  than  is  barium  peroxide. 

When  carbon  dioxide  is  used  (see  above),  a  dmilar  cluun  of  equi- 
libria exists,  and  in  that  case  it  is  the  barium  carbonate  that  is  the 
less  soluble  substance. 

Other  Modes  of  Formation.  —  Hydrc^en  peroxide  is  found  in 
minute  amounts  in  rain  and  snow.  It  is  formed  by  the  direct  union 
of  hydrc^en  and  oxygen.  When  a  hydn^en  flame  is  allowed  to 
play  upon  ice,  appreciable  amounts  of  the  peroxide  are  saved  from 
being  decomposed,  as  they  ordinarily  would  be  by  the  heat  of  the 
action,  and  are  found  in  the  water.  It  is  formed  also  to  the  extent 
of  37  per  cent  when  electric  waves  pass  through  a  mixture  of  hydro- 
gen and  oxygen  cooled  by  liquid  air  (—190°).  It  ia  produced  when 
oxygen  is  passed,  close  to  the  n^ative  electrode,  through  the  liquid  in 
ui  electrolytic  cell  containing  dilute  sulphuric  acid.  The  gas  is  re- 
duced by  the  hydrt^n  being  liberated  on  the  platinum  plate. 

Traces  of  hydrogen  peroxide  are  formed  when  zinc,  copper,  lead, 
and  other  metals  are  shaken  with  air  and  very  dilute  sulphuric 
add  (1  :  55  Aq).  It  has  been  suggested  that  the  water  loses  its 
oxygen  to  the  zinc  and  pves  its  hydrogen  to  the  oxygen : 

lo,  -I-  hJo  +  Znl -^  H,0,  +  ZnO  +  HjSO, -♦  ZnSO*  -|-  H,0, 

the  action  bang  asedsted  by  the  tendency  of  the  sine  oxide  to  act 
with  the  sulphuric  acid  to  give  isinc  sulphate. 
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Physical  Properties.  —  Hydrogen  peroxide  is  a  syrupy  liquid 
(density  1.46).  It  blisters  the  skin,  and,  when  diluted,  has  a  dis- 
agreeable metallic  taste.  It  lias  been  frozen  (m.-p.  —0.8°),  and 
boils  at  26  mm.  pressure  at  69°  and  at  46  mm.  at  80°. 

Chemical  Properties.  —  Hydrogen  peroxide  (100  per  cent)  ia 
very  uiutabls,  and  decomposes  slowly  even  at  —20°.  The  dilute 
aqueous  solution,  when  free  from  impurities,  keeps  fairiy  well.  The 
presence  of  a  trace  of  free  acid  increases  its  stability.  Free  alkalies 
and  most  salts  as^t  the  decomposition;  hence  the  necearity  for 
purifying  the  commercial  solution.  Since  free  acids  must  not  be 
used  to  stabilize  solutions  for  medical  use,  a  trace  of  some  organic 
compound  which  has  the  same  effect  (several  such  are  known)  is 
added.  Addition  of  powdered  metals,  of  manganese  dioxide,  and 
of  charcoal  causes  effervescence  even  in  dilute  solutions,  and  oxygen 
escapes: 

.  2H,0,-*2HjO  +  0». 

The  3  per  cent,  commercial  solution  yields  in  this  way  ten  times  its 
own  volume  of  oxygen,  and  so  is  often  labelled  "10  vol.  solution." 
The  more  concentrated  solutions  (38  per  cent)  remain  quiescent  in  a 
dish  of  polished  platinum  even  at  60°,  but  the  making  of  a  slight 
scratch  on  the  bottom,  beneath  the  surface  of  the  liquid,  causes  pro- 
fuse liberation  of  oxygen  along  the  sharp  edge  thus  produced.  The 
action  of  these  contact  agents  is  therefore  probably  mechanical. 

Since  the  substance  cannot  be  vaporized,  even  at  low  pressure, 
without  some  decomposition,  its  molar  weight  has  been  determined 
by  the  freezing-point  method  (p.  199).  The  freezing-point  of  a  3.3 
per  cent  solution  in  water  is  2.03°  below  that  of  the  water  itself. 
Hence,  in  1000  g.  of  water,  3.3  g.  would  have  ^ven  a  depression  of 
2.03  X  96.7  -J-  1000,  or  0.196°.  Therefore  a  depression  of  1.86°,  the 
averse  depression  produced  by  one  mole  of  a  substance  in  1000  c.c. 
of  water  (see  p.  335),  would  have  been  caused  by  3.3  X  1.86  -s-  0.196, 
or  31.3  g.,  which  is  the  required  molar  weight.  Now  the  formula 
HO  corresponds  to  a  molar  weight  of  17  and  Hid  to  one  of  34.  It 
is  evident,  therefore,  that  the  latter  is  the  correct  formula. 

Hydrc^n  peroxide,  in  solution  in  water,  is  a  f«oble  add.  The 
normal  molar  weight  and  very  small  electrical  conductivity  (see 
Chap.  XVIIl)  show  that  only  a  very  small  proportion  of  it  can  be 
ionized.  As  an  acid  it  enters  into  double  decomposition  readily  and 
the  peroxides  are  salts  with  the  negative  radical  Ot"  (p«roiidat«B). 
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Thus,  when  it  is  added  to  aolutions  of  barium  and  strontium  hy- 
droxides, the  hydrated  peroxides  appear  as  cryataUine  precipitat^: 

Sr(OH),  +  H,0,  ^  2H,0  +  SrOj. 

The  precipitation  involves  another  equilibrium:  SrOj  +  8HjO^ 
SrO,,8H,0  (solid). 

The  formation  <^  a  beautiful  blue  substance  by  the  action  of 
hydix^n  peroxide  upon  dichromic  acid  ia  used  as  a  tost  The  test 
is  carried  out  by  adding  a  drop  of  potassium  dichromate  to  an  acidu- 
lated solution  of  the  peroxide.  The  acid  interacts  with  the  dichro- 
mate, ^ving  free  dichromic  acid: . 

H^0<  +  KjCr^  ^  H^riOj  +  K,SO,. 

The  Hue  substance,  which  is  very  unstable  and  quickly  decom- 
poses, is  a  perchromic  acid.  A  blue,  crystalline  perchromic  acid 
(H0)4Cr(OOH),,  which  decomposes  above  —30°,  has  been  prepared. 
The  blue  substance  has  the  property,  unusual  in  inorganic  compounds, 
of  dissolving  much  more  readily  in  ether  than  in  water.  It  is  also 
much'  less  unstable  when  removed  from  the  foreign  materials  in  the 
aqueous  solution.  Hence  the  test  is  rendered  more  delicate  by  ex- 
tracting the  solution  with  a  small  amount  of  ether.  In  the  ethereal 
layer  the  color  qf  the  compound  is  more  permanent,  as  well  as  more 
distinctly  viable  on  account  of  the  greater  concentration. 

Hydrogen  peroxide  is  a  much  more  active  ozldlxiiv  ftgent  than 
is  free  oxygen.  This  would  be  expected  from  the  fact  that  it  con- 
tuns  so  much  more  energy  than  the  water  and  oxygen  into  which 
it  deoMnposes  (p.  3X8):  HiOj  -» HjO  +  0  +  23,100  cal.  Thus,  it 
liberates  iodine  from  hydrogen  iodide,  an  action  which,  in  presence 
of  starch  emuMon  (cf.  p.  276),  is  used  as  a  test  for  its  presence: 

2H1  +  H,0a-'2H,0  +  Is. 

It  converts  sulphides  into  sulpbatea.  The  white  lead  {g.v.)  used  in 
puutings  ia  chained  by  the  hydrogen  sulphide  in  the  Eur  of  cities  to 
black  lead  sulphide,  Pb,(OH)i(CO,),  +  SHjS  -»3PbS  +  4HiO  +  2C0,. 
This  may  be  oxidized  to  white  lead  sulphate  by  means  of  hydrogen 
penmde: 

PbS  +  4H,0,  ^  PbSO.  -H  4H*0, 

and  in  this  way  the  ori^nal  tints  of  the  picture  may  be  practically 
restored.  Organic  coloring  matters  are  changed  into  colorless  sub- 
stances by  an  action  similar  to  that  of  ozone  ((^.  p.  314).    Hence 
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hydrogen  peroxide  is  used  for  bleaching  mlk,  feathers,  hair,  and 
ivory,  which  would  be  destroyed  by  a  more  violent  agent.  The 
products  of  its  decomposition,  being  water  and  oxygen  only,  are 
harmless,  and,  on  this  account,  it  is  used  in  disinfecting  (destroying 
organisms  in)  infectei^  sores,  and  as  a  throat  wash. 

Hydrogen  peroxide  exercises  the  functions  of  k  redodnc  acmt  in 
special  cases,  also.    Thus,  ralver  oxide  is  reduced  by  it  to  silver: 

AgsO  +  H,0,  -♦  2Ag  +  HiO  +  0,. 
A  solution  of  potasdum  permanganate,  in  which  the  permanganic 
acid  has  been  set  free  by  an  acid,  KMnOt  +  HjSOt  ^  HMnO*  -f- 
KHSO4,  is  rapidly  reduced.  The  permanganic  acid,  with  excess  of 
sulphuric  acid,  tends  to  undei^o  the  first  of  the  following  changes, 
provided  a  sxihstance  is  present  which  can  take  poaeeasion  qf  the  oxygen 
that  wmdd  remain  as  a  balance: 

2HMnO,  +  2H^0»-»  2MnS04  +  3HiO  (+  50)  (1) 

(50)  +  5H,0t  ->  5H,0  +  50, (2) 

2HMnO«  +  2H,S04  +  5H,0,  ->  ZMnSO*  +  8H,0  +  50. 
In  all  reductiona  by  hydrogen  peroxide,  each  molecule  of  the  iattex  Tenaovea 
but  one  atomic  weight  of  oxygen  from  the  other  substance.  Whether  it  bd^aveH 
thus  because  its  two  hydn^en  tuate  combine  with  Ihit  orygen  and  ail  it»  awn 
oxygen  esci^iee,  or  because  it  fiuniahes  water  aad  on«  oxygeji  unit  of  the  pair 
required  to  form  the  molecule  of  free  ojorgen  (the  substanoe  reduoed  furnishing 
the  other),  haa  not  been  determined. 

The  above  action  is  used  in  quantitative  analysis  for  estimating 
the  quantity  of  hydrt^en  peroxide  in  a  given  liquid  after  the  liquid 
has  been  acidified.  The  amount  of  a  standard  (p.  277)  solution  of 
the  permanganate  which  is  required  to  decompose  all  the  peroxide  is 
measured  by  means  of  a  burette  (q.v.).  The  permanganate  is  deep 
reddish-purple  in  color,  wtdle  the  products  are  colorless.  Hence, 
after  the  peroxide  is  exhausted,  ths  next  drop  of  the  permanganate 
confera  a  distinct,  permanent,  pink  tinge  upon  the  liquid.  The  addi- 
tion of  the  permanganate  solution  is  stopped  so  soon  as  this  condl- 
tiou  is  reached  and  the  volume  of  it  that  has  been  used  is  read  oflF. 

The  action  tA  hydrogen  peroxide  on  hydrogen  iodide  proceeds  slowly,  ao  that 
itB  speed  can  be  measured.  Although  the  equation  shows  three  interacting  mole- 
cules (2HI  -4-  H|Oi),  a  ctHistant  (p.  295)  is  obtained  only  by  using  the  fonnula 
for  a  reaction  involving  two  molecules  (reaction  of  the  second  ord^}.  Hiis  is 
because  the  reaction  takes  place  as  two  consecutive  actions: 

HI  +  HA  -  HIO  +  HA  (1) 

HI  +  HIO  «^  HA  +  Ii,  W 
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cf  vhidi  (1),  in  which  h7p»4oda(u  add  is  fonoed,  alone  takev  mueh  Hate. 
Tlw  second  (2)  is  the  reverae  of  the  octimt  of  iodine  oa  water  (f^.  p.  277), 
and  IB  very  q)eedy.  Hotce  the  speed  measurement  craicems  only  (1),  which  is 
dimolecular. 

Thermochemistry  of  Hydrogen  Peroxide.  —  The  formation 
ti  hydrogen  peroxide  from  the  free  elements  is  accompanied  by  evo* 
lution  of  heat : 

■    H,  +  0,  =  H,Oi  Aq  +  45,300  cal. 

Hence  the  substance  is  fonned  by  direct  union  (p.  317).  But  its  de- 
cofflpomtion  into  water  and  oxygen  gives  out  a  further  supply  of 
heat: 

H^  =  HiO  +  0  +  23,100  cal. 

The  mm  of  these  two  stages,  of  course,  yields  the  same  result  {cf. 
p.  100)  as  the  direct  fonnation  of  water  (68,400  cal.). 

When  hydrogen  peroxide  is  used,  instead  of  free  oxygen,  for  oxi- 
dinng  purposes,  each  such  action  liberates  23,100  calories  of  beat 
more  in  the  former  case  that  it  would  in  the  latter.  Hence  the  activ- 
ify  of  the  BubetFance  as  an  oxidizer  (cf.  pp.  314,  319). 

Chemical  ConatituHon  ttf  Peroxides.  —  We  have  seen  (p. 
317)  that  when  adds  act  upon  barium  peroxide  BaOi,  hydn^en 
penmde  is  formed:  BaOi  +  HtSO* -*  BaSO^  +  HA.  But<  lAI 
oxides  containing  two  atoms  of  oxygen  in  each  molecule  do  fiot 
yield  hydrogen  penndde.  Thus,  lead  dioxide  PbOi  and  manganese 
dioxide  MnOi,  wh«i  treated  with  sulphuric  acid,  (^ve  the  sulphate 
of  the  metal  and  water  and  oxygen:  2MnOt  +  2HsS04  -»  2MnS0,+ 
2HtO  -f-  Oi-  We  ibfer  from  this  that  the  two  sets  of  dioxides  aro 
not  alike.  With  barium  peroxide  there  is  a  simple  double  decom- 
position, or  exchange  of  radicals,  and  so  we  hold  that  it  contains  the 
ndical  Oi  which  is  bivalent  as  a  whole:  Ba"(Oi)''.  This  harmo- 
niieswith  the  fact  that  no  other  compound  is  known  in  which  barium 
hoB  even  the  appearance  of  bdng  quadrivalent.  Manganese  dioxide 
can  ^ve  a  tetrachloride  (p.  210),  however,  as  can  also  lead  dioxide 
iix.),  BD  we  infer  that  the  manganese  and  lead  are  here  quadrivalent, 
and  that  the  radical  is  0:  Mn"(0)i°  and  Pb'''(0)i".  For  this 
reaaoD,  we  have  recently  b^un  to  call  barium  peroxide  a  salt,  and 
to  name  it  barium  peroxidate.  Similarly,  we  have  strontium  perox- 
idate  8r*'(0i)*'  and  sodium  peroxidate  Nai(C^)°.  H:(Ot)''  should 
therefore  be  called  peroxidic  acid. 
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There  etiU  renmna  the  question  whether  hydrogen  penmde  and 
barium  peroxide  are; 

I  n 

H-O  O  H 

I    and  Ba(  1         or  ;0-0  and  Ba-0-0. 

H-0  0  H^ 

In  other  words,  whether  the  negative  radical  of  the.  peroxidatee  is 
—  0  —  0—  or  =0=0.  Some  compounds  in  which  oxygen  is  quad- 
rivalent aie  known,  so  that  the  second  alternative  is  worthy  of  con- 
aderation.  Now,  we  have  seen  that  hydrogen  peroxide  is  formed 
by  the  reduction  of  dissolved  oxygen  (p.  317).  On  the  whole,  this 
favora  the  symmetrical  formula  I,  rather  than  the  unsymmetrical 
formula  II.  Then,  hydrogen  peroxide  is  never  formed  by  the  oxi- 
dation of  water.  Th^  favors  I  very  distinctly,  because  it  would  be 
more  difficult  to  insert  the  oxyg/sa  to  ^ve  I  than  to  attach  it  to  the 
oxygeia  of  the  wat^  as  in  II.  Finally,  when  some  ethyl  sulfdiate 
(C^H()iS04  is  dissolved  in  15  per  cent  hydrt^en  peroxide,  and  sodium 
hydnndde  is  added  a  drop  at  a  time  while  the  mixture  is  shaken,  the 
f  ollowii^  reaction  occurs : 

HA  +  CC»H»)^4  +  2Na0H  -♦  (CH.)  A  +  Na^.  +  2H,0. 

By  distillation,  the  substance  (CiH()i0i  is  obtained  (b.-p.  65°  at 
760  mm.).  When  zinc  dust  and  acetic  acid  are  added  to  this  prod- 
uct, hydrogen  is  liberated:  Zn -h  2HC0|CH( -»  Zq(COiCHi)i -{- % 
and  the  hydrogen  reduces  the  (CiH()t0i,  giving  aJcohtrf  CiB«OH 
(Baeyer  and  Villiger,  1900).  Now,  the  compound  was  eitiier: 
C^-0  CA^ 

1      or  ;o  =  o. 

C,H,-0  CH,^ 

The  sec(Hid,  on  reduction,  would  be  ocpected  to  give  ether  CtHi  — 
O  —  CiHi,  which  is  not  formed,  while  the  former  would  give  2CiH>0B, 
which  is  formed.    Hmce  formula  I  is  aamgned  to  the  peroxidates. 

Such  a  formula  is  called  a  itnutui*!  or  grapblo  formula,  because, 
by  means  of  a  otmstruction  or  graph,  it  indicates  the  chemical  reac- 
tions of  the  substance.  It  may  aiao  indicate  the  way  in  which  the 
parts  of  the  molecule  are  actufUly  connected,  but  its  primary  pur- 
pose is  to  indicate  chemical  behavior.  Of  course,  the  numbcu"  of 
Unes  emanating  from  each  symbt^  must  correspond  with  the  valence 
ot  the  atom  concerned. 
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.  —  1.  What  volume  of  ozone  will  be  taken  up  by  100 
C.C.  of  water  at  12°  from  a  stream  of  oxygen  at  760  mm.  containing 
7.5  per  cent  of  ozone  (p.  312)7 

2.  Fonnulate  the  action  of  carbon  dioxide  on  barimu  dionde 
(p.  316)  after  the  manner  of  that  of  sulphuric  acid  on  the  same 
substance  (p.  317).  The  ^ssolvii^  gas  ^ves  an  additional  equi- 
Ubrium:  CO,  (gas)  +  HjO  ^  HjCOt  (dslvd). 

3.  At  what  temperature  will  a  ten  per  cent  solution  of  hydrogen 
peroxide  freeze  (p.  318)? 

4.  Write  the  thermochemical  equations  for  oxidataon  of  ind^o 
by  hydrogen  perojdde  (pp.  315,  319). 

5.  How  many  times  ite  own  volume  of  oxygen  gas  will  a  4  per 
cent  solution  (rf  hydrogen  peroxide  pve  off  when  treated  with: 
(a)  platinum  powder  (p.  318);  (b)  sulphuric  acid  and  potasEdum 
permanganate? 

6.  What  per  cent  of  hydrogen  perosde  does  a  "  12  voL  "  eolutioD 
contain? 
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CHAPTER  XVII 
DISSOCUTION  IN  SOLDTIOH 

The  employment  of  interacting  substances  in  the  form  of  solu- 
tions is  so  constant  in  chemistry,  and  the  reasons  for  this  are  sc 
cogent,  that  we  must  now  resume  the  discussion  of  this  subject  (c/. 
p.  178). 

The  present  chapter  will  be  devoted  to  giving  the  proofs  that 
the  molecules  of  actds,  bans,  and  salts,  in  aqueous  solutions,  are 
actually  dlssodatvd  into  parts  by  the  solvent.  This  will  be  shown 
by  consideration,  succeasively,  of  certain  peculiarities  in  the  chemical 
behavior,  the  osmotic  pTAUures,  the  freextcff-points,  and  the  boiUnc- 
points  of  the  solutions  of  these  substances.  We  shall  see  that  these 
parts  coincide  in  composition  with  the  radicals,  and  are  called  tons. 

Some  Characteristic  Properties  of  Acids,  Bases,  and  Salts, 
Shown  in  Aqueous  Solution.  —  Adds  all  contain  hydrogen  (p. 
120).  In  aqueous  solution,  if  soluble,  they  are  sour  in  tast«,  they 
turn  blue  litmus  red,  and  their  hydrogen  ia  displaced  by  certain 
metals  (p.  118),  and  has  the  properties  of  a  radical.  By  the  last 
statement  is  meant  that  it  very  readily  exchanges  places  with  other 
radicals  in  reversible  double  decompositions  (p.  208),  Amongst  the 
acids  mentioned  have  been:  hydrochloric  acid  HCl,  sulphuric  acid 
H1SO4,  hypochlorous  acid  HCIO,  acetic  acid  HCOiCHj,  and  hydro-  . 
gen  peroxide  HiOj.  Many  other  bodies,  like  sugar,  kerosene,  and 
alcohol,  also,  contain  hy(to)gen  but  not  one  of  them  shows  all  of 
these  properties. 

Again,  all  salts  (p.  214)  are  made  up  of  two  radicals,  and  the 
reverable  double  decompositions  into  which  they  enter  with  acids, 
bases,  and  other  salts,  consist  in  exchanges  of  these  radicals.  Other 
substances  may  include  the  same  combinations  of  atoms,  but  in  their 
actions  these  groupings  are  often  disregarded.  Thus,  socUum  chlo- 
ride NaCl  and  silver  nitrate  AgNOj  exchange  radicals  completely 
(p.  20),  and,  in  dilute  solution,  hydrogen  chloride  and  sodium  hydro- 
gen sulphate  do  so  partially  (p.  208).  But  sodium  chloride  and 
nitroglycerine  CbH»(N(>s)»  do  not  interact  at  all.    The  latter  is  not  a 
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salt,  although  it  conttuns  the  same  proportion  of  nitrogen  to  oxygen 
as  does  any  nitrate. 

All  bsMB  (p.  149)  contain  hydroxyl  OH  aa  a  radical,  combined 
with  some  positive  radical.  Potassium  hydroxide  KOH  is  soluble 
and  active,  zinc  hydroxide  Zn{OH)j  and  many  others,  however,  are 
insoluble.  Bases  all  exchange  radicals  readily  in  double  decomposi- 
tion with  salts  and  acids.  Other  substancea,  like  alcohol  CtHsOH, 
may  contain  hydroxyl,  but  do  not  interact  readily  with  salts  like 
NaCl,  and  are  not  bases. 

The  Influence  of  Water  and  Other  Solvents.  —  It  is  chiefly 
In  Kiuwnu  lolntlon  that  these  special  properties  of  acids,  bases,  and 
salts  become  apparent.  Their  behavior  is  often  quite  different  in 
the  absence  of  this  solvent.  If,  for  example,  we  mix  together  dry 
ammonium  carbonate  (NHi]tCO)  and  partially  dehydrated,  solid 
cupric  nitrate  Cu{NOi)j,  and  apply  heat,  a  violent  interaction  be- 
pns.  An  immense  cloud  of  smoke  and  gas  is  thrown  out  of  the  tube, 
and  the  substance  remaining  is  either  black  or  reddish,  in  parts,  ac- 
cording to  the  proportions  of  the  substances  employed.  The  residue 
DontEuns  black  cupric  oxide  CuO,  and  sometimes  red  cuprous  oxide 
CmiO.  The  gas  is  tinged  red  by  the  presence  of  nitrogen  tetroxide 
N0|,  while  a  more  careful  acamination  would  show  that  it  contained 
carbon  dioxide,  nitrt^en,  nitrous  oxide  NjO,  water  vapor,  and  per- 
haps still  other  products. 

The  contract,  when  the  substances  are  dloBolnd  in  water  before 
being  brought  in  contact  with  one  another,  is  very  great.  A  jale- 
green  precifHtate  is  formed  at  once,  afid  rapidly  settles  out.  On 
.  examination,  this  turns  out  to  be  a  carbonate  of  copper  (basic, 
see  under  Copper),  while  evaporation  of  the  solution  furnishes  us 
with  ammonium  nitrate.  There  are  only  two  main  products,  and 
the  essential  part  of  the  action  in  solution  may  be  represented  by 
the  equation: 

(NH,),CO,  +  Cu(NO,)»-^CuCO,i  -|-2NH4N0j. 

In  the  interaction  between  the  dry  substances  the  molecules  are 
comjidetely  dlMategrated,  the  whole  change  is  very  complex,  and  it 
takes  a  good  deal  of  time.  In  the  action  in  water,  no  heating  is 
required,  the  substances  are  neatly  broken  apart,  certain  groups  of 
Atoms,  which  we  call  radicals,  are  transferred  as  wholes  from  one 
state  of  combination  to  another,  and  the  rearrangement  takes  place 
instantaneously  in  a  machine-like  manner.    Contrasts  like  this  be- 
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tween  the  inter&ctioDS  of  anhydrous  and  diaaolved  bodies  are  very 
common.  Thus,  we  have  had  occaraon  (p.  119)  to  mentifm  the 
difierence  between  the  action  of  metab  on  concentrated  and  on 
dilute  sulphuric  acid. 

Many  compounds,  however,  do  not  show  any  change  in  behavior 
when  diBBoLved  in  water.  Si^^,  for  example,  is,  as  a  rule,  more 
readily  acted  upon  in  the  absence  of  any  solvent.  Then  again,  while 
water  is  not  the  only  solvent  which  has  the  effect  we  have  just  de- 
scribed, the  majority  of  solvents,  if  they  affect  chemical  change  at 
all,  simply  retard  it.  Thus  the  union  of  iodine  and  phosphorus  in 
the  absence  of  a  solvent  takes  place  spontaneously  with  a  violent  evo- 
lution of  heat.  When  the  elements  are  dissolved  in  carbon  bisulphide 
before  being  mixed,  the  action  is  much  milder,  although  the  product 
is  the  same  (phosphorus  tri-iodide).  The  diminution  in  the  concen- 
tration of  the  ingredients  by  solution  has  simply  decreased  the  speed 
of  the  action  in  the  normal  way  (p,  291).  That  water  and  some 
other  solvents  {e.g.,  alcohol)  have  a  specific  influence  tending  to  in- 
crease the  activity  of  acids,  bases,  and  salts,  shows  that  a  special 
explanation  of  the  phenomenon  must  be  found. 

Summing  up  these  points  we  see  that  the  peculiarity  of  adds, 
bases,  and  salts  in  aqueous  aolution  is  that  each  compound  always 
sphts  in  the  same  way.  Thus,  cupric  nitrate  always  gives  changes 
involving  Cu  and  N0»  and  never  interacts  so  as  to  use  CuN,  and  0», 
or  CuOi  and  NOj,  as  the  bads  of  exchange.  •  Similarly,  dUvie  acids 
always  offer  hydn^en  in  exchange,  and  so  nitric  acid  behaves  as  if 
composed  of  H  and  NOa,  and  sulphuric  acid  as  if  compoaed  of  2H 
and  SO4,  and  never  as  if  made  up  of  HSO  and  HOj,  or  H^  and  0^. 
The  Bour  taste  and  the  effect  upon  litmus  seem  to  be  properties  of 
this  easily  separable  hydrogen,  for  they  are  shown  only  by  acids. 
The  result  is  that  we  can  make  a  list  of  the  units  of  exchange,  such 
as  H,  OH,  NO,,  CO*,  SO^,  Cu,  K,  and  CI,  employed  by  acids,  bases, 
and  salts  in  their  interactions.  The  molecule  of  each  compound 
of  these  classes  contains  at  least  two  of  them.  Even  when  these 
units  contain  more  than  one  atom,  their  coherence  is  as  notioeaUe 
within  this  class  of  actions,  as  is  the  permanence  of  the  atomic  masses 
themselves  in  all  actions. 

The  question  raised  in  our  minds  is  whether  solutitm  in  water 
alters  the  character  of  the  m<decule  amply  by  producing  a  sort  of 
plane  of  cleavage  in  it  which  creates  s  predispodtion  to  a  uniform 
kind  of  chemical  change,  or  whether  it  aduaUy  diouies  the  molecules 
into  separate  parts  consisting  of  the  above  units  of  exchange,  and 
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leaves  Bubeequent  chemical  actions  to  occur  by  croae-conibinatioD  of 
tbese  fragments.  The  fact  that  the  dissolved  subetaoces  can  be 
recoTered  by  evaporation -of  the  liquid  does  not  demooatrate  that 
they  have  not  been  changed  temporarily  while  in  solution.  The 
alteration  which  the  water  produces,  whatever  it  be,  will  naturally 
be  reveraed  when  the  water  is  removed.  Since  our  question  involves 
nothing  but  the  counting  of  particles,  the  number  of  which  would 
be  much  greater  in  the  event  that  actual  subdivimoo  of  molecules  is 
the  explanation,  it  can  be  answered  by  a  study  of  the  physical  prop- 
erties of  BolutionB.  Several  physical  properties  may  be  used,  and 
they  ffve  concordant  answers  to  the  question.  We  studl  consider 
the  evidence  of  osmotic  pressure,  of  freezing-points,  boiling-points 
(in  this  Chapter),  and  ot  conductivity  for  electricity  (Chap.  XVIII). 

Osuonc  Prebsubb 

In  the  earlier  discussion  of  solution  (p.  184)  the  condition  of  a 
dissolved  substance  was  viewed  as  akin  U)  that  of  a  gas.  We  con- 
ceived the  molecules  of  the  dissolved  substance  as  being  distributed 
through  the  space  occupied  by  the  solvent,  as  b&ng  separate  from 
one  another,  and  as  moving  about  independently  of  each  other. 
This  was  because  the  phenomena  of  diffusion  and  osmotic  pressure 
(p.  185)  in  solution  resemble  those  of  diffuraon  and  pressure  in  gases. 
The  attempt  to  obtain  by  calculation,  using  this  theory,  the  resulte 
that  are  observed,  shows  that  this  theory  applies,  as  van't  Hoff 
stated  when  suggesting  it,  only  to  infinitely  dilute  solutions.  It 
^ves  a  fairly  satisfactory  explanation  of  the  behavior  of  extremely 
dilute  solutions,  but  not  of  solutions  such  as  are  commonly  em- 
ployed in  chemical  work. 

The  invention  of  a  suitable  hypothesis  for  the  explanation  of 
the  facta  of  osmosis  presents  sjHne  difficulties,  but  the  facte  them- 
selves are  undoubted.  It  will  conduce,  therefore,  to  cleamefls  if  we 
speak  first  of  erase  things  which  may  be  observed  and  are  irue,  irre- 
spective of  any  explanation. 

Phenomena  Produced  by  Osmotic  Preamre.  —  In  order  that 
the  osmotic  pressure  (Gk,  iviiis,  impulsion)  may  be  perceived,  a  par- 
tition, which  the  dissolved  molecules  are  unable  to  traverse,  must 
be  interposed  between  the  solution  and  a  contiguous  mass  of  the  pure 
solvent  {Fig.  76,  p.  184).  The  partition  must  be  permeable  by  the 
solvent,  however.    Such  a  partition  is  described  as  wmi-pennoabls. 
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The  general  nature  of  the  phenomeoa  may  be  seen  by  employing 
ft  tube  (Fig.  99),  to  which  a  difTueion  shell,  of  test-tube  fonn,  is 
securely  attached.  It  is  charged  with  sugar  solution,  and  suspended 
in  pure  water.  This  thimble  is  somewhat  per- 
meable  by  the  sugar,  but  the  water  traverses  it 
very  easily,  and  so  an  exhibition  of  the  general 
result  of  a  stricter  test  is  obtained  quickly. 

The  water  is  able  to  paea  freely  thrcHigh  the 
membrane  in  either  direction,  while  the  sugar  is 
not.  As  the  result  of  the  interchange  (d  water, 
the  liquid  rises  slowly  but  steadily  in  the  tube. 
Tbft  pur«  solTUit  always  pMSM  Into  tli«  ulutton. 
If,  further,  two  solutions  of  different  concentra- 
tions of  the  same  substance  are  employed,  then, 
invariably,  watar  puMt  from  ths  mor*  dlluto  to- 
lutlon  Into  th«  mors  coiioantrat«d  on«  through  the 
membrane.  There  is  apparently  a  tendency  for 
the  water  so  to  distribute  itself  that  the  solutions 
may  eventually  become  equal  in  strength.  The 
water  passes  from  a  dilute  solution,  leaving  it 
more  concentrated  than  before,  into  a  more  con- 
centrated solution,  rendering  it  more  dilute. 

These  phenomena  were  first  studied  by  Pfeffer 
(1877),  a  botanist,  who  used  certain  [dant  cells 
for   the  purpose.     The  cell  content  included  a 
liquid  containing  various  salta  in  solution,  and  a 
protoplasmic  layer  which  was  not  attached  to  the 
cell  wall.     This  protoplasmic  layer  behaved  like 
a  semi-permeable  membrane.     When  such  cells  were  immersed  in 
a  concentrated  solution  of  any  substance,  tiie  water  passed  from  the 
interior  of  the  cell  to  the  solution,  and  by  means  of  a  microscope 
a  shrinkage  of  the  protoplasmic  layer  away  from  the  cell  wall  oould 
be  observed.     Conversely,   when   such   cells  were   placed  in  pure 
water,  or  a  solution  of  a  very  dilute  nature,  tuaier  passed  from  the  out- 
side into  the  interior,  and  the  protoplasmic  layer  was  distended  so  as 
to  fill  the  comers  completely.     The  distension  of  the  cells  of  droop- 
ing flowers,  when  their  stems  are  placed  in  water,  and  the  consequent 
revival,  is  a  familiar  illustration  of  the  same  sort  of  thing.    All  solu- 
tions which  produced  neither  the  one  effect  nor  the  other  on  a  ^ven 
set  of  plant  cells,  were  named  ia-osmoHc.     The  osmotic  pressures  of 
their  contents  were  the  same  as  the  pressure  of  the  cell  fiuid. 
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Since  the  entrance  of  the  eolvent  is  due  to  the  dissolved  substance, 
iuid  the  solveat  is  really  drawn  foroetaUy  into  tho  nlutioiL,  it  might 
be  more  appropriate  to  call  the  force  oamotls  Buctton.  Whatever 
it  is  named,  however,  it  is  real,  and  its  value  can  be  measured. 

Prof eeaor  Crum  Brown  has  devised  an  arraiigeniefit  which  cdiibits  the  aati<Hi 
of  a  pofeeUy  Beni-permeafale  membnme  very  striking  [Leet.  exp.).  A  ooDoen- 
tiatod  aohititm  of  c^iun  nitrate  is  sbakeai  with  a  email  amount  of  phenol  (cariMlic 
add),  eo  as  to  become  iatiuat«d  with  the  latter,  and  the  mixture  is  thai  poored 
into  a  tall,  narrow  cylinder.  The  phenol  riaea  and  floats  updn  the  surface  of  th« 
calcium  nitrate.  The  amount  i^  phenol  should  not  be  m[»e  than  miffident  to 
saturate  the  liquid  and  give  a  layer  a  few  millimetera  in  thickness.  Distilled 
water,  also  saturated  with  phencd,  is  cautiously  introduced  above  all.  The  water 
on  both  sidee  of  the  layer  of  phenol  is  soluble  in  phenol,  and  consequeDtly,  by 
dissolving  in  this  and  passing  out  <m  the  other  side,  can  txavene  tine  partition. 
Hie  coldum  nitrate,  however,  which  is  here  the  dindved  substance,  cannot 
traveiBe  the  phenol  in  which  it  is  not  soluble.  The  phenol  therdore  oonatitutefl  a 
perfect  eemi-^termeable  membrane.  If  the  level  of  the  lower  side  of  the  phenol  is 
matked  on  the  outside  of  the  cylinder  by  means  of  a  strip  of  paper,  it  will  be 
found,  ae  the  arrangemmt  b  watdied  frmn  day  to  day,. that  ths  water  passes 
thrmigfa  the  phenol  into  the  scJutirat,  and  the  phentd  riae^higlm  and  hi^ier,  until 
finally  it  aunoounte  all  Uie  rest  (^  the  liquid. 

The  Phenomena  Logical  Consequences  of  Semi'Permea' 
bility.' —  The  passage  of  the  trater  into  the  solution  in  which  the 
gre&iear  osmotic  pressure  exists  seems  at  first  paradoxical.  We  must 
remember,  however,  that  the  system,  condsting  of  the  liquids  on  each 
rade  of  the  membrane,  can  be  in  equilibrium  only  when  the  activity 
of  the  solvent  on  the  two  Eddes  is  identical.  But  the  equahzation 
of  the  activities  cannot  take  place  by  the  passage  of  part  of  the 
eolute  from  one  side  to  the  other.  ^The  membrane  has  been  talten, 
purposely,  of  such  a  nature  that  the  dissolved  substance  is  unable  to 
traverse  it.  The  equalization  must  occur,  therefore,  in  the  only  other 
posrable  manner,  namely,  by  the  passage  of  the  solvent  in  the  other 
direction. 

An  imitation  o(  tlua  behavior  may  easily  be  eshibited  by  the  use  <^  gases  [Iject. 
exp.j.  A  |>iece  of  peritoneal  membrane  is  stvetohed  acrcos  the  mouth  <rf  a  thistle- 
tube  and  mKHstened  with  water.  The  tube,  which  has  been  bent  in  U-fonn  to 
serve  as  a  manometer,  contains  a  small  amount  of  some  oolored  liquid,  whose 
motions  will  ediibit  any  change  in  pressure  in  the  interior.  When  an  inverted 
cylinder  of  anunonia  gas  is  placed  round  the  head  of  the  Uustte-tube,  the  ammonia 
gas  dinolvea  in  the  water  on  the  membrane  until  this  water  is  saturated,  that  iS; 
until  t^**  ftiTtTn^ia  molecules  leaving  the  water  Eue  as  numerous  as  thoee  entering 
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it.  It  will  be  aeen,  however,  that  the  aamuHtia  Bohition  really  has  two  Burftwei, 
"one  of  them  towards  the  interior,  and  the  ammooia  molecules  muBt  erentually  leavtt 
both  Burfacee  st  the  same  rate  at  whi^  the;  are  landing  upon  one  of  tbem. 
Ilie  anunonia  gfia  being  at  the  premire  of  the  atmoafdtere,  the  molecules  of  am- 
moaia  leaving  the  film  will  produce  a  tension  of  one  atmoephere  d  ammonia  over 
each  Burfaee.  Thus  anunonia  gaB  will  be  tianefened  fran  the  cylinder  to  the 
intents  of  the  tfaiatle-tube  until  its  partial  preesure  in  the  latta"  is  equal  to  that  in 
the  former.  The  membrane  is  semi-permeable,  ainoe,  of  tbe  air  and  ammonia  eon- 
tained  in  the  Uiiatla^ube,  MUy  the  animMiia  can  toavRse  the  film.  Tlie  mhh 
tcnte  of  the  thisUa-tube  tiiincf(»e  oamBpoad  to  Uie  solution,  air  being  the  sdute 
and  umiiinma  the  solvcmt.  The  original  air  in  Um  ^paiatus  was  at  a  pneean  of 
one  atmoeiiJirac,  but  the  anmionia,  although  under  no  greater  pressure,  enters 
nevolheUs.  Indeed,  it  would  continue  to  do  so  until  the  pressure  inmde  became 
equal  to  that  of  the  ammonia  outside  |duB  the  original  pressure  (^  the  air,  a  total  of 
two  atmospheres.  Thecasecorreepondsto  that  of  watermtering  a  solution  whose 
osmotic  pressure  is  one  atmosphere.  It  enters  until  the  contents  of  the  a^qmratuB 
are  under  a  pressure  one  almo^here  greater  than  that  existing  outade. 

'Hiis  eq>eriment  illustrates  the  passage  of  a  subetanoe  into  a  Kgaa  of  hi^ier 
[HMBure,  but  must  not  be  hdd  to  afftml  an  eicidanation  of  how  osmolio  preesare 
operates.  Osmotic  pressure  cannot  be  expltuned  as  due  to  impaete  at  water 
molecuke  alone  outside  and  to  impacts  of  water  and  scdute  mcdeouks  togetber 
inside,  the  impacts  of  the  latt«r  constituting  the  excess  of  prenure  inode  (see 
p.  331). 

Meaturement  of  Osmotic  Pressure.  —  It  will  be  seen  that 
the  whole  phenomenoD  rests  upon  the  fact  that  the  membraoe  used 
is  permeable  by  one  of  the  oomponeots  only.  The  preparation  <rf  a 
vessel  of  suffident  strength,  and  posaesw^  walls  with  the  majdmum 
permeability  by  water  and  the  Tnininnim  permeability  by  dissolved 
substances,  presents  great  difficulties.  A  device  of  PfeSer's  is  Still 
found  to  be  the  best.  A  cylinder  of  porous  porcehun,  much  like  a 
Pasteur  filter-tube,  is  treated  so  that  its  pores  are  partially  filled  witii 
a  gelatinous  predpitate  of  cupric  ferrocyanide  (g.f.). 

lite  porous  cylinder,  after  removal  under  the  air^nunp  of  the  air  which  ita 
walls  contain,  is  placed  in  a  solution  of  cupric  sulphate.  Its  interior  is  then  filled 
with  a  edutitm  of  potassium  ferrocyanide.  When  these  two  liquids  meet  by  diffu- 
sion mside  the  wall,  they  intetact,  producing  a  deaiae  prec^itate  ttf  the  substanoe 
above  mentioned: 

2CuS0,  +  K,Fe{CN),  -»  CuJ-eCCN),  I  +  2^eO«. 

The  best  membranes  aie  obtuned  by  uong  a  current  d  electridty  to  eaim  tJw 
copper  to  move  towards  the  cdl  en  one  side  and  the  f  arot^^amde  ndioab  to  move 
towards  it  from  the  other  side. 
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If  such  a  prepared  vessel,  after  beii^  filled  with  a  one  per  cent 
BUgar  solution,  could  be  closed  by  a  piston  {e.g.,  Fig.  54)  and  be  placed 
in  pure  water,  it  would  be  found  necessajy  to  place  weights  on  the 
piston  to  prevent  an  upward  movement,  due  to  access  of  water  to  the 
interior  through  the  walls.  Finally  a  wei^t  would  be  found  that 
would  just  balance  the  inward  tendency  of  the  water.  With  more 
wdght  than  this,  water  would  be  squeezed  out  through  the  pores; 
with  less,  the  water  would  force  its  way  Id  and 
tbe  piston  would  rise.  When  this  weight  has 
been  placed  in  portion,  the  water  inside  and 
outside,  having  reached  a  condition  of  equilib- 
rium, must  be  exerting  equal  pressures  on  each 
side  of  the  wall  of  the  vessel.  Hence,  the  ex- 
cess of  pressure  inside  must  be  due  to  the  os- 
motic pressure  of  the  solution.  The  weight 
balancing  the  osmotic  pressure  at  15°,  in  the 
case  of  a  one  per  cent  sugar  solution,  is  found 
to  be  about  0,76  kg.  for  every  sq.  cm.  of  the 
exposed  surface.  Since  1.03  kg.  per  sq.  cm. 
equals  760  mm.,  this  would  indicate  a  pressure 
of  760  X  0.76  -s-  1.03,  or  572  mm.   (0.75  at- 


In  practice  a  small  bent  tube  opening 
into  the  cylinder  is  used  as  a  manometer 
(f^  100).  Tbe  other  end  of  the  tube  is 
dosed;  and  some  nitrc^en  is  confined  in  this 
end  by  mercury.  The  diminution  in  the  vol- 
ume of  the  nitrogen  renters  tbe  pressure. 
The  smaller  tube,  drawn  out  to  a  point,  is 
used  for  filling  the  cell  with  the  solution  and 
is  then  sealed  before  the  blow-pipe.  The 
vhtAe  apparatus  is  immersed  in  a  large  bath 
of  water  whoee  temperature  can  be  maintsjned  constant  during  the 
experiment. .  Concordant  readings  are  hard  to  get  in  consequence 
of  difficulties  inherent  in  the  preparation  and  use  of  the  ap- 
paratus. 

The  Exact  Relations  of  Osmotic  Pressure.  —  The  value  of 
tbe  observed  offluotic  pressure  increases  with  the  concentration  of 
the  solution.  The  chief  relation  is  that  the  osmotic  pressure  is  pro- 
portional to  the  logarithm  of  the  fraction  of  all  tbe  molecules  in  the 
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solution  which  are  molecules  of  the  solvent.*  This  holds  strictly, 
however,  only  when  there  is  no  chemical  interaction  between  solvent 
and  solute,  when  there  is  no  change  in  volume  consequent  upon 
solution,  and  when  no  heat  change  occurs  upon  dilution  of  the  solu- 
tion. In  actual  fact  mahy  substances  form  hydrates  when  dissolved 
in  water.  Thus  sugar  seems  to  form  a  penta-  or  a  hexahydrate,  and 
this  removes  a  part  of  the  solvent.  Again,  changes  in  volume  upon 
solution  are  often  considerable  (p.  201).  'Also  there  is  always  some 
heat  of  solution  and  often  (cf.  p.  203)  the  value  is  very  great.  Finally, 
it  is  impossible,  in  the  case  of  associated  liquids  like  water  {cf.  p.  202) 
to  tell  how  many  molecules  of  the  solvent,  relatively  to  the  number 
of  molecules  of  the  solute,  are  present,  because  we  do  not  yet  know 
how  many  are  HjO,  and  how  many  (HiO)!  and  (HjO)a.  Further- 
more, addition  of  a  solute  displaces  the  equilibrium  and  alters  the 
proportions  of  these  numbers.  It  is  thus  impossible  accurately  to 
predict  the  osmotic  pressure  of  a  given  solution,  or  even  accuratdy 
to  calculate  the  osmotic  pressure  at  one  concentration  from  an 
observation  made  at  another  concentration.  That  van't  Hofl's  gas 
analogy  applies  to  infinitely  dilute  solutions,  but  is  wholly  inappli- 
cable to  ordinary  solutions,  is  easily  shown.  "At  0°,  a  0.53  molar 
solution  of  cane  sugar  gives  an  observed  osmotic  pressure  of  13.95 
atmospheres  while  calculation  from  van't  Hoff's  theory  yields  11.79 
atmos.,  and  a  2.2  mokr  solution  gives  l»y  observation  133.74  atmos. 
and  by  calculation  only  49.15  atmos. 

Modes  of  calculation  which,  so  far  as  possible,  take  into  account 
the  modifying  factors  mentioned  above,  cannot  be  discussed  here. 
It  is  sufficient  to  say  that  dlssolTinff  an;  substanc*  in  water,  or  some 
other  solvent,  reducei  tho  phyalcal  activity  ol  the  Bolvent.  Thus 
pure  water  is  more  active  than  water  in  a  solution,  and  forces  its 
way  through  a  suitable  membrane  into  the  solution.  Pure  water 
also  shows  a  higher  vapor  pressure,  and  therefore  a  lower  boiling- 
point  (see  p.  337). 

Approximate  Relations  of  Osmotic  Pressure.  —  As  an  aid 
to  memory,  and  as  a  very  rough  indication  of  the  facts,  th«  foUowliic 
Btatementv,  whic^  »»  appn>zimat«lr  tru«  for  my  dllut«  Kludoiu, 
may  be  made. 

Tha  osmotic  preasure  Is  proportional  to  th*  cmesntnUon  (par- 
allel of  Boyle's  law).  Thus  the  values  for  sugar  (15°)  are:  0.1  mobtr 
2.54  atmos.,  0.2  molar  4.99  atmos.,  0.4  molar  9.95  atmos. 

*  For  email  coQcentratiow  the  osmotic  pressure  may  be  taken  without  awi- 
OUB  error  aa  proportiooal  to  the  molar  fraction  of  the  solute. 
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Tb»  osmotic  pnnure  incTMues  in  proportion  to  the  abaolate  tem- 
paraturs  (parallel  of  Charles'  law).  Thus' a  0.1  molar  solution  of 
sugar  ^ves  at  5°  2.45  atmospheres  pressure,  and  at  50°  2.64.  A. 
gas  which  at  278°  Abs.  gave  2.45  atmos.  pressure,  would  give  2.84 
abnoe.  at  323°  Abe.,  so  that  the  rule  is  here  over  7  per  cent  in  error. 

finally,  ths  ounottc  preuuro  caused  bf  a  mbstance  in  vory  dilute 
tdiiatiaa  is  identical  in  nlue  with  the  gaseous  pressure  which  It  would 
eibiblt  if  the  same  quantity  of  It  were  contained  as  a  gas  in  tl»  same 
nlnma  at  the  same  tetiq>eratura.  For  example,  44  g.  of  carbon 
dioxide  in  the  gaseous  condition  fills  the  G.M.V.  (22.4 1.),  and  at  0° 
exercises  a  pressure  of  one  atmosphere.  When  we  dissolve  the  same 
quantity  of  the  same  substance  in  22.4 1.  of  any  solvent  at  the  same 
temperature,  it  causes  approximately  one  atmosphere  of  osmotic 
pressure. 

These  facts  apply  to  substances  which  are  not  acids,  bases,  nor 
salts.  We  shall  learn  in  the  next  section  that  the  osmotic  pressures 
of  the  members  of  these  three  classes  of  substance  are  frequently 
abnormally  high,  but  that  the  abnormality  is  easily  explained. 

Osmotic  pressure  (or  suction)  is  a  subject  of  great  interest  in 
connection  with  the  physiology  of  plants  and  animals.  The  revival 
of  a  withered  flower  has  lieen  mentioned  (p.  328).  Similarly,  the 
ascent  of  the  water  from  the  soil  into  the  roots  and  through  the 
stem  of  a  growii^  plant  is  explwned.  In  the  animal  body  also, 
osmosis  plays  a  large  part. 

Oamotic  Pressure  and  Dissociation  in  Solutions.  —  What 
inference  is  to  be  drawn  in  the  cases  in  which  abnormally  high  osmotic 
pressures  are  observed?  In  view  of  the  fact  that  the  pressure  depends 
on  the  fraction  of  foreign  particles  (molecules)  in  the  given  volume, 
we  must  infer  that  where  the  pressure  is  greater,  more  foreign  par- 
ticles are  present  in  the  given  volume  than  we  had  supposed.  In 
other  words,  dissociation  of  the  original  molecules  must  have 
occurred.  .  This  phenomenon  is  observed  whenever  acids,  bases,  w 
salts  in  aqueous  solution  are  under  observation.  Thus  a  solution 
<rf  sugar,  which  does  not  belong  to  these  classes,  containing  342  g. 
in  the  G.M.V.,  exhibits  approximately  the  normal  osmotic  pressure 
of  one  atmosphere  at  0°.  A  solution  of  one  molecular  weight  of 
potasaum  chloride  (74.5  g.)  in  the  same  volume  of  water,  however, 
ediibits  an  osmotic  pressure  of  about  1.88  atmospheres  at  0°.  The 
greater  pressure  must  be  due  to  the  fact  that,  although  the  number 
o(  ndeetdee  of  potassium  chloride  taken  is  the  same  as  in  the  case 
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of  sugar,  the  number  of  actual  particles  ie  greater,  —  U,  in  fact,  88 
per  cent  greater.  Now  the  miUliplication  of  particlea  from  potas- 
sium chloride  molecules  can  occur  only  by  th^r  disBociation  into 
particles  of  K  and  CI  by  a  chemical  change  represented  by  the 
equation  KCl  ?2  K  +  CI.  In  this  case,  seang  that  each  ori^md 
molecule  can  give  but  two  particles,  the  excess  of  pressure  indi- 
cates that  0.88  (88  per  cent)  of  the  molecules  of  potasraum  chloride 
have  been  broken  up.  Comparison  shows  that  the  d^ree  of  disao-- 
ciation  for  equi-molar  solutions  of  different  acids,  bases,  or  aalts 
varies  widely.  For  the  same  substance,  it  is  always  relatively 
greater  in  dilute  than  in  concentrated  solutions. 

It  will  be  seen  that  we  have  thus  a  purely  physical  snd  perfectly 
independent  confirmation  of  the  indications  already  found  in  the 
chemical  behavior  of  substances  of  this  kind.  In 
practice,  on  account  of  the  experimental  difficulties, 
this  method  is  not  used  for  measurii^  the  degree 
of  dissociation. 

Dbfbebbion  m  the  FBEEzrao-FoDrr 
OF  A  Solvent 
Measurement    of    Freesing-P<Hnt3,  —  The 

task  consists  in  measuring  exactly  the  temperature 
at  which  a  previously  weighed  quantity  of  the 
solvent  freezes,  and  then,  after  dissolving  in  it  a 
known  weight  of  some  soluble  Bul^etance,  deter- 
mining the  freezing-point  once  more.  The  abso- 
lute values  of  these  two  points  are  not  required, 
it  is  simply  the  difference  between  them  that  has 
to  be  known  with  exactness  (<^.  p.  200).  By  means 
of  a  very  delicate  thermometer  (Fig,  101)  having 
only  ax  d^rees  on  the  whole  scale,  the  tempera- 
ture of  the  freezing  Uquid  may  be  read  to  one  one- 
thousandth  of  a  degree.  A  reservoir  at  the  top 
enables  us  to  add  to,  or  subtract  from,  the  mer- 
cury contained  in  the  bulb  and  column,  and  so 
the  same  instrument  may  be  used  with  solvents 
having  widely  different  freezing-points.  When 
water  is  being  employed  aa  the  solvent,  the  outer 
jar  must  be  filled  with  a  freezing  mixture  of  ice  and  water  contfun- 
ing  salt.  With  solutions  in  bcnz^ie,  ice  and  water  are  used  alone. 
To  avoid  super-cooling  the  solvent  or  solution  must  be  vigorous^ 
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Btirred  after  it  has  been  cooled  down  to  a  point  just  below  the 
freeiing-point.  , 

Latea  of  Freextng-Point  Depression.  —  The  depression  is 
(Urectly  proportional  to  the  weight  of  dissolved  substance  in  a  given 
amount  of  the  solvent.  The  depression  ta  inversely  proportional 
to  the  aoiount  of  solvent.  Thus,  if  we  double  the  concentration 
of  the  solution,  the  depression  in  the  freening-poitit  is  doubled. 
Further,  Miual  numbms  at  molMOla*  of  diflnrant  lolatM  in  titu  uune 
qtuaUtr  of  solTtnt  glTo  wiiul  dapreuions.  Or,  in  other  words,  the 
depression  is  proportional  to  the  concentration  of  the  molecules  of 
the  solute.  Thus,  solutions  conttuniog  342  g.  of  sugar  (CuHnOu), 
or  46  g.V  alcohol  (CJI«0),  or  74  g.  of  methyl  acetate  (CH,CiHjO,), 
in  1000  g.  of  water,  show  a  depresaon  below  the  freezii^-point  of 
water  of  1.86°  in  each  case,  that  is,  such  solutions  will  freeze  dose  to 
-1.86°.  This  depression  produced  by  a  mole  of  the  solute  in  1  1. 
of  water  is  called  the  molooular  doprHSloii  coiwtuit  and  has  a  dif- 
ferent value  for  each  sobierU.  For  solutions  of  the  same  molecular 
concentration  in  beneene  (f.-p.  5.48°)  the  depresaoa  is  5°,  in 
phenol  (carboUc  acid)  7.3°.    Combining  these  facts  in  one  expreaaiou: 

Theobserveddeppes-l  WtofSolute     „         1000 

Sutton"""'"^!  "         ^Mol-Wt.  of  Solute^Wt.  of  Solvent* 

For  other  solvents,  the  correapooding  value  of  the  depression  constant 
is  substituted  for  1.86°. 

Tlieae  principles  may  be  expressed  mathematically  in  a  iorta  whidi  ia  con- 
Tenient  for  use.  If  A  r^reeent  the  depression  in  aoy  actual  ezpttiment,  i  the 
depieesioQ  produced  by  one  molecular  wei^t  in  1000  grams  of  aolvBot,  W  tte 
wei^it  of  the  mdwbuiae,  M  iU  molecular  wei^t,  and  g  the  wei^t  of  the  acdveat  in 
gnma,  tben: 

ff  X  1000 

^"^^    Mxg 

In  the  case  of  water,  aa  we  have  seen,  S  is  1.86".    For  each  solvejit  the  value  <rf  I 
must  be  detennined  by  means  <rf  a  substance  ot  known  molecular  weight. 

These  laws  describe  the  fact«  most  exactly  when  the  solutions  are 
dilute.  They  hold  only  when  there  ia  no  chemical  interaction 
between  solute  and  solvent,  and  when  the  crystals  frozen  out  consist 
of  the  pure  solvent.  If  the  crystals  contain  the  same  proportion  of 
the  solute  as  does  the  solution,  no  depression  is  observed;   if  they 

.,... .  Coo'ilc 
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contain  more,  an  elevation  in  the  freezing  point  is  noted.  Even  so, 
however,  acids,  bases,  and  salts  dissolved  in  water  present  many 
apparent  exceptions  and  must  be  discussed  separately. 

Determinatum  qf  MolecuUtr  Weights.  —  When  the  depres- 
»on  constant  of  a  solvent  has  once  been  ascertained  by  means  of  a 
substance  of  known  molecular  weight,  this  method  may  be  used  for 
determining  the  molecular  wdght  of  other  substances  which  'are 
soluble  in  the  same  hquid.  All  the  other  factoiB  can  be  observed 
and  substituted  in  the  formula.  This  method  is  especially  useful 
when  the  substance  cannot  be  converted  into  vapor  without  under- 
goii^  decomposition  {see  Hydrogen  peroxide,  p.  318). 

Abnormal  Freeaing-Pmnt  Depressant  Dissociation  in  So- 
lution. —  The  substances  which  present  the  most  conspicuous  ex- 
ceptions to  the  above  rules  are  acids,  bases,  and  salts  in  aqueous 
solution.  With  most  of  these,  the  depression  produced  is  greater 
than  we  should  expect  from  the  concentration  of  the  solution.  Thus, 
in  an  actual  ecperiment,  two  equi-molar  solutjons  were  compared. 
One  contained  one  mole  (74  g.)  of  methyl  acetate,  and  the  other 
one  mole  (58.5  g.)  of  sodium  chloride,  each  dissolved  in  2000  g.  (2 
liters)  of  water.  The  freezing-points  observed,  on  the  arbitrary 
scale  of  the  thermometer,  were: 

Purewater 3.580°        Pure  water 3.580° 

Solution  of  methyl  acetate  .     2.610°         Solution  ot  salt  ....     1.802° 

Depreeaion 0.970°        Depresaioii     1.678° 

0.970' 
EiccoB  depresdcat  by  salt  0.708° 

The  solution  of  methyl  acetate,  as  it  contained  only  0.5  moles  of 
the  solute  per  liter  of  wat«r,  showed,  as  it  should  do,  about  half  the 
average  molecular  depression  (1.86°,  p.  335).  This  is  typical  of  the 
class  of  substances  showing  normal  behavior.  Sugar,  alcohol,  and 
hundreds  of  other  substances,  in  solutions  of  the  same  molar  con- 
centration, would  have  given  the  same  value. 

The  freezing-point  of  the  salt  solution,  however,  was  much  lower. 
If  this  solution  had  contained  the  same  concentration  of  dissolved 
particles  as  the  other  solution,  its  depres^on  would  have  been  0.970° 
likewise.  The  number  of  particles  must  therefore  have  been  greater 
than  we  should  have  expected  from  the  number  of  molecules  taken. 
In  other  words,  a  portion  of  the  molecules  of  the  salt  must  have  heea 
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broken  up,  and  the  excess  depressioit,  0.708°,  must  have  been  due  to 
the  extra  partidea  jtroditced  by  diaaociation.  Now  sodium  chloride 
molecules  cannot  give  more  than  two  particles  each,  and  the  depres- 
aoD  is  proportional  to  the  number  of  particles.  It  follows,  therefore, 
that  }itt.  or  0.732  (73.2  per  cent)  of  the  molecules  were  difeodated: 

(27%)  NaClfi  (Na)  +  (CI)  (73%). 

This  result  is  typical  also.  Acids,  bases,  and  salts  of  which  one 
mole  is  dissolved  in  two  liters  of  water,  are  found  to  give  irregular 
values,  all  more  or  less  in  excess  of  0.970°.  Those  which  contain 
but  two  radicals,  like  sodium  chloride  (NaCl)  and  potassium  nitrate 
KNO),  ^ve  values  between  0.970°  and  2  X  0.^0°.  Substances  like 
calcium  chloride  CaCli  and  sodium  sulphate  Na^SO^  give  depressions 
approaching  three  Umes  the  normal  value;  their  molecules  contain 
three  radicals.  The  excess  depresedon  depends,  therefore,  -  upon 
the  number  of  particles  which  each  molecule  can  furnish,  and  upon 
the  proportion  of  all  the  molecules  which  is  dissociated  into  these 
fragments. 

In  the  case  of  an  acid,  base,  or  salt,  the  depression  is  not  strictly 
proportional  to  the  concentration.  Thus,  one  mole  of  salt  in  four 
liters  of  water  does  not  give  half  the  depression  of  the  two-Uter 
solution  (0.839°)  but  somewhat  more  (about  0.844°).  The  aaroe 
method  of  calculation  indicates,  therefore,  a  greater  degree  of  diasocia- 
tion  (about  79  per  cent)  in  the  more  dilute  solution.  This  diasocia^ 
tion,  is,  tberefore,  a  reversible  chemical  chaise. 

Acids,  bases,  and  salts,  so  far  as  they  are  soluble  in  materials  like 
toluene,  benzene,  chloroform,  and  carbon  bisulphide,  exhibit  simply 
normal  depresMons  in  these  solvents.  It  appears,  therefore,  that 
dissociation  does  not  take  place  in  many  solvents.  In  conamon 
experience  it  is  encountered  only  in  eolutiona  in  water,  and  in  alcohol. 

Abnormal  Boiling-Point  Elevation.  —  If  space  permitted,  a 
series  of  statements  might  be  made  in  regard  to  the  boiling-points  of 
solutions  ((^.  p.  198)  which  would  be  closely  parallel  to  those  about 
freezing-points.  The  boiling-point,  as  we  have  seen,  is  elevated, 
however,  by  the  introduction  of  a  soluble  body.  Thus,  when  water 
is  the  solvent,  one  mole  of  a  sdlute  in  1000  g.  of  the  solvent  normally 
raises  the  boiling-point  0.52°  (that  is,  from  100°  to  100.52°).  One 
molecular  w^ht  of  sodium  chloride  (58.5  g.),  however,  will  elevate 
the  boiling-point  of  the  water  0.87°  instead  of  0.52°.  The  effect  is 
0.35°,  or  67  per  cent  greater,  indicating  dissociation  of  this  pro- 
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portion  of  the  NaCl  molecules.  In  more  dilute  stJutions,  the  eleva- 
tion ia  relatively  greater.  Salta  containing  more  than  two  radicals, 
like  Ca(Cl)i,  give  elevations  of  more  than  twice  the  normal  value. 
In  solvents  like  benzene  and  carbon  disulphide,  however,  no  abnor- 
mally targe  elevation  is  observed  with  any  solute.  The  phenom- 
ena are,  in  fact,  parallel  with  those  connected  with  the  freezing-point. 

Compcuison,  of  the  Reiulta  qf  the  Three  Methods.  —  When 
we  measure  the  osmotjc  pressure,  the  freezing-point  depression,  and 
the  elevation  in  the  boiling-point  of  the  same  solution,  and  calculate 
the  d^ree  of  dissociation  from  the  result  of  each  meafiuremeot,  we 
find  that  the  values  obtfuned  are  usually  identical,  within  the  limits 
of  error  to  which  the  methods  are  liable.  Indeed,  the  theory  of  this 
subject  enables  us  to  connect  the  osmoUc  pressure  by  a  mathematical 
relation  with  ihe  other  two  phenomena,  and  to  calculate  any  one  of 
the  three  from  any  otiier.  Thus  the  indications  c^  t^ssociation 
found  in  the  chemical  behavior  of  adds,  bases,  and  salts  (p.  328} 
are  fully  confirmed  by  a  study  of  the  phymcal  properties  d  thdr 
solutions.* 

Tbe  cooneoUon  between  the  three  eela  of  phenomena  cannot  be  explained 
here.  It  is  treated  in  all  worica  mi  Phyeical  Chemigtry.  It  may  be  pointed  out, 
liowever,  that,  in  one  essential  re^>ect,  expoiments  in  oemotic  preeeure,  and  in 
tbe  freeiiiiK  and  boiling  trf  Boluticms,  are  all  alike.  The  perception  <rf  oemotio 
pi'essure  inTolvea  a  partition  which  the  solvent  alone  can  pan,  and  tbe  oemotio 
presBure  for  a  given  solution  is  the  one  required  to  force  the  solvent  out.  In 
freeiing  a  solution,  pure  ice  is  sepjuated,  and  so  a  mmilar  extrusioD  of  a  part  lA  tbe 
pure  solvent  is  effected.  In  a  boiling  solution,  for  which  the.above  rules  hold,  the 
vapor  is  composed  of  the  pure  solvent,  and  the  solute  remaiiiB  behind.  The  rela- 
tion between  tbe  three  operations  lies  in  the  fact  that  in  each  case  the  same  thing, 
namely,  tbe  separation  of  a  part  of  the  solvent,  is  done.  Each  method  eSecte  this 
in  a  different  way.  But  the  expreeaionB  representing  the  work  done,  in  terms  at 
the  factors  which  define  the  work  in  each  case,  can  be  equated  in  pairs  and  the 
required  relation  established.  Thus  the  molecular  depression  of  the  freeiing- 
point,  Of  the  molecular  elevation  in  the  boiling-point,  as  we  have  defined  tbem,  is 
equal  to  0.002  V  +  q,  where  T  is  the  absidute  temperature  of  tJie  freenng-  or 
boiling-point,  and  q  is  the  best  <A  fu^on  or  vaponEation,  as  the  ease  may  be. 
Water,  for  esunple,  freeufl  at  273°  abe.,  and  its  beat  of  fusion  is  79  cal.  pet  gnuu, 
from  which  the  calculated  molecular  depression,  0.002  X  273i  -;-  70,  or  1.88°,  is 

*  Reoent  observations,  showing  that  in  some  cases  rapid  double  decompesi- 
tiona  <^  the  normal  kind  take  place  in  solutions  which  exhibit  no  physical  evidence 
of  tbe  existence  of  dissociation,  demonstrate  that  it  would  have  been  uiuafe  to 
infer  dissociation  from  chemiod  evidence  alone. 
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obtuned.  ffimilariy,  uamg  the  boUing-ptnnt,  373°  abe.,  and  the  heat  of  vaporica- 
tico  <d  water,  540  cal.  per  grem,  we  calculate  the  molecular  eJeraticoi  <A  the 
boiling-punt  to  be  0.518°. 

It  mi^t  to  be  added  that  abiumujUy  tmail  omnotic  preffiuree,  freeimg-paint  de- 
pRsedons,  and  boiling-point  elevaticxte,  are  aiaa  frequoitly  akmerved.  This  occurs, 
however,  almost  wholly  in  non-aqueoua  solvents,  such  as  benzene.  It  is  shown 
paiticulaiiy  by  substanoee  containing  ox^en,  and  is  even  noticed  in  the  case  of 
acids,  bases,  and  salts.  By  parity  of  reascaiing  we  infer  that  in  these  caaee  osaocto- 
tion  {cf.  p.  2S2)  of  the  molecules  has  occurred,  and  that  the  phyncal  unit  of  the 
B(dute  in  theoe  solroits  ia  la^^  than  the  ordinary  molecule. 


The  Application  of  these  Conclusions  in  Chxmistet 

The  ConsHtution  qf  Solutions  of  Acids,  Bases,  and  Salts. 

—  The  composition  of  solutions  which  are  oormal  or  abnormal,  in 
respect  to  osmotic  pressmVj  freezing-point,  and  boiling-point,  may  be 
shown  thus: 


SOLUTM. 

TU.     Al^HOb.     W^. 

nan.  Bc 

Acids,  bases,  salts 

Abnormal 
Normal 

Normal 
Normal 

It  appeara  that  water  and  some  other  sotventa  have  the  power  of 
decomporang  acids,  bases,  and  salte.  Such  solvente  have,  in  fact, 
an  effect  on  these  materials  that  resembles,  outwardly  at  least,  the 
effect  which  heat  has  on  many  substances  {qf.  p.  260),  thsy  cauM 
dltMoiatlMii 

CaClj«=i(Ca)  +  2(a). 

In  consequence  of  this,  our  view  of  the  nature  of  an  aqueous 
solution  of  hydrogen  chloride  HCl,  or  common  salt  NaCl,  or  sodium 
hydroxide  NaOH,  or  any  of  the  substances  of  the  ckfises  which  these 
represent,  may  now  be  stated  in  definite  terms.  Such  a  solution 
Gontfuns,  beddes  undivided  molecules  of  the  solute,  at  least  two  other 
kinds  (^  material,  H,  Na,*  CI,  OH,  etc.,  which  result  from  the  break- 
ing up  of  the  molecules.  We  shall  see  that  these  subdiviEdons  of  the 
ori^nal  molecules  have  distinct  physical  and  chemical  properties  of 
their  own.    The  descriptions  of  the  "properties"  of  the  solutions,  as 

*  The  objection  that  separate  atoms  of  sodium  could  not  remain  free  in  water, 
will  be  disposed  fA  later. 
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they  used  to  be  given  in  chemiatry,  were  really  a  confused  statement 
of  the  properties  of  the  different  componenta  of  a  mixture. 

The  suggeetioo  that  the  multiplication  of  particles  takes  place  by  iuteraclion 
ofthesdtwithpArttrfthew&tcr,  NaQ  +H,0;=iNaOH  +  HCl,  resultiog  in  tbe 
productioa  of  two  mdeculee  of  dissolved  matter  from  one,  is  cf>ak  to  several  fatal 
obiectioDB.  In  the  case  of  a  highly  dissociated  salt,  according  to  this  explanatioo, 
the  mixing  of  the  add  and  base  in  dilute  solution  should  result  in  no  particular 
change  and  give  rise,  therefore,  to  no  development  of  heat.  But  the  beat  <^ 
neutralization  is  very  great  in  such  caaes.  This  is  an  exomide  ttf  a  stochastia 
hypothe&iB  (p.  17S),  be  it  not«d,  and  its  verity  or  falsity  can  be  put  to  the  teat  at 
once.  Its  inapplicability  is  further  seen  in  the  fact  that  it  cannot  eqtlain  the  dis- 
sociation of  acids  and  basee  themselves. 

The  free  radicab,  of  whose  existence  we  have  thus  become  con- 
vinced, constitute  a  new  set  of  materials  (with  appropriate  names. 
See  p.  356).  Thus  the  hydrogen  radical  of  acids,  although  a  form  of 
uncombined  hydrogen,  differs  totally  from  the  gas  which  ie  com- 
posed of  the  same  materiaL  The  gas  has  no  sour  taste  or  effect  upon 
litmus;  these  are  properties  of  the  free  radical.  The  gas  is  very 
slightly  soluble  in  water,  while  the  hydrogen  radical  exists  as  a 
separate  substance  only  in  solution.  Again,  substances  with  the 
compodtion  of  the  radicals  NOa  and  SO*  are  not  known  at  all  except 
in  solutions.  The  chief  pecuUarity  of  these  substances  is  that  a 
solution  cannot  be  made  which  contains  lees  than  two  kinds  <^  them 
side  by  dde. 


1.  What  gaseous  pressure  would  be  exerted  hy  a 
gas  of  the  same  molecular  concentration  as  a  one  per  cent  solutirai  of 
sugar  at  15°  (p.  331}?  Ckimpare  the  answer  with  the  osmotic  pressure 
of  the  solution. 

2.  What  depression  in  the  f.-p.  of  water  will  be  produced  by 
disaolvii^  10  g.  of  bromine  in  1  kg.  of  this  solvent? 

3.  What  depressions  in  the  f.-p.  of  benzene  and  of  phenol  would 
be  produced  by  10  g.  of  bromine  to  1  kg.  of  the  solvent,  if  no  chemical 
action  took  place? 

4.  What  is  the  molecular  depression-constant  of  a  solvent  in 
which  5  g.  of  iodine  in  500  g.  of  the  solvent  lowers  the  f.-p.  0.7°? 

5.  What  is  the  d^ree  of  dissociation  of  zinc  sulphate  if  5  g.  of  it 
dissolved  in  125  g.  of  water  produce  a  lowering  of  0.603°  in  the  f.-p.? 
What  is  the  molecular  concentration  of  each  of  the  three  substances 
present  in  this  solution? 
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6.  What  will  be  the  approximate  b.-p.  of  a  solution  of  coimnon 
8&lt,  saturated  at  100°  (p.  191)?  Assume  that  the  solute  is  50  per 
cent  dissociated, 

7.  In  a  decinormal  solution,  potassium  chloride  is  86  per  cent 
dissociated.     What  is  the  freezing-point  of  this  solution? 

8.  If  5  g.  of  a  substance,  dissolved  in  1000  c.c.  of  water,  give 
a  solution  freezit^  at  —0.2°,  what  is  the  molecular  w^ght  of  the 
substance? 

9. '  6  g.  of  a  substance  when  ^dissolved  in  200  c.c.  of  water  ^ve 
a  boilit^-poiot  of  102.6°.  What  is  the  molecular  weight  of  the 
subetanee? 

10.  1.6  g.  of  naphthalene  CioHg  when  dissolved  in  25  g.  of  benzene 
(freezing-point  5.48°)  gives  a  solution  which  freezes  at  3.03°.  When 
2.44  g.  c^  another  substance  are  dissolved  in  the  same  amount  of 
benzene,  the  solution  freezes  at  3.52°.  -What  ia  the  molecular  weight 
of  the  latter  substance? 

11.  The  elevation  of  the  boiling-point  in  the  above  solution  of 
naphthalene  is  1.285°.  What  elevatioa  of  the  boiling-point  ia  pre 
duced  in  the  second  solution? 
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CHAPTER  XVin 

IONIZATION 

Introductory.  —  As  we  have  seen,  acids,  baaes,  and  salte^wheQ 
dissolved  in  water,  interact  with  one  another  by  interchanging  radicals 
(p.  324).  We  have  also  learned  that  the  same  solutions  have  ab- 
normal values  for  their  freering-points,  boiling-points,  and  osmotic 
pressures.  These  facte  indicate  disaodaHon  irtio  the  radicals  (p. 
339).  Now  predielr  ttUM  tolutlons  hara  a  propeitr  which  is  not 
shared  by  any  other  solutions,  namely,  that  of  being  oonduottuv  of 
alftctridty  and  lultortnc  obsmlcal  dMompoBitton  by  the  paoage  of  the 
cuiTsnt.  Such  solutions  are  called,  in  consequence,  alectndytat, 
and  the  process  is  named  eleetrolTila.  Now  the  natural  inference 
from  the  foregoing  facts  is  that  tha  alActtid^  Is  oarrlod  by  the 
Ubaratod  radlcala.  Our  first  aim  in  the  present  chapter  is  to  show, 
by  a  itudy  of  tha  ohsmical  ohangea  taUng  place  In  •leetrolyalt,  that 
this  inference  is  correct.  We  then  proceed  to  discuss  the  satur* 
of  loni  as  a  Und  of  moIwnilM.  Next,  we  devote  ourselves  to  th« 
aiplapaHon  of  elootndyria,  to  the  equiUbriutu  bvtwMn  the  ioos  and 
tba  ramalning,  undinodatad  moleculM,  and  to  oonductlTlty  phe- 
n<nnBna  as  a  means  of  measuring  the  fraetion  lonliad.  Finally,  we 
deduce   the   relation   between   extent   of  ionization   and  i 


Incidentally,  the  facts  to  be  given  provide  the  means  of  under- 
standing the  electrolytic  processes,  many  of  them  of  great  impor- 
tance in  chemical  industries,  to  which  frequent  reference  is  made  in 
later  chapters. 

Non-Electrolytea.  —  To  clear  the  ground,  we  should  first  note 
the  fact  that  only  solutions  (as  a  rule)  possess  both  of  the  properties 
in  question,  namdy  that  of  conducting  and  that  of  being  decom- 
posed by  the  current.  Some  substajices,  notably  the  metals  and 
materials  like  carbon,  are  conductors.  But  they  are  not  changed 
chemically  by  tbe  current.  Again,  single  substances,  even  when 
they  are  such  aa,  if  mixed,  yield  electrolytes,  are  not  conductors  at 
ordinary  temperatures.     Thus  hydrogen  chloride,  whether  gaseous 
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or  liquefied,  is  a  noncoBductor,  and  water  is  a  very  feeble  conduc- 
bir,  although  the  solution  of  the  two  conducts  exceedingly  well. 
Dry  acids,  bases,  and  salts,  except  when  at  a  high  temperature  and 
fused,  ate  likewise  nonconductors.  Furthennore,  even  amongst 
soluUous,  not  all  are  conductors.  Solutions  of  sugar  and  other 
substances  of  the  same  class  (p.  335),  which  have  normal  freesing- 
points,  are  nonconductors.  Only  solutions  of  acids,  bases,  and 
salts  in  certun  specified  solvents,  o(  which  the  commonest  is  water, 
are  electrolytes  at  ordinary  temperatures. 

Chenu4Ml  Changes  Taking  Place  at  the  Electrodes  During 
Electrolya».  —  When  the  wires  from  a  battery  are  attached  to 
plattuiun  [dates  immersed  in  any  electrolyte  ie,g..  Fig.  87,  p.  216,  or 
Kg.  16,  p.  29),  we  observe  that  the  products  appearing  at  the  two 
electrodes  are  always  different.  They  may  be  of  several  kinds 
physically,  and  will  be  secured  for  examination  variously  according 
to  their  nature.  When  they  are  fMWt  which  are  not  too  soluble, 
they  may  be  ct^lected  in  inverted  tubes  filled  with  the  solution. 
Solldf,  if  insoluble  in  the  liquid,  will  either  remain  attached  to  the 
electrode  or  fall  to  the  bottom  of  the  vessel  as  precipitates.  Soluble 
■ulMtaziCflt,  on  the  other  hand,  will  usually  not  be  visible.  They 
may  be  tumdled  by  interposing  a  porous  partition  of  some  description 
which  will  restrain  the  diffusion  of  the  dissolved  body  away  from  the 
neaghborhood  of  the  electrode,  while  not  interfering  appreciably  with 
the  passage  of  the  current.  SiUTOUuding  one  electrode  with  a  porous 
battery  jar  is  a  convenient  method  for  effecting  this. 

Of  the  various  illustrations  which  we  have  encountered,  the  elec- 
trolyras  of  hydrochloric  acid  (p.  216)  happens  to  have  been  the  only 
one  which  delivered  both  components  of  the  solute  with  a  minimum 
of  modification  at  the  electrodes: 

Neg.  Wire,  H,* H.Cl ♦CI,,  Pos.  Wire. 

Hydn^en  does  not  interact  with  water,  and  chlorine  interacts  very 
incompletely,  so  that  the  molecular  substances  Hi  and  Cli  are 
promptly  formed  from  the  elements  H  and  CI  which  are  liberated. 
The  chlorides,  bromides,  and  iodides  of  those  metals  which  do  not 
mteract  with  water  (p.  129)  give  equally  simple  results: 
Neg.  Wire,  Cu< Cu.Bri •■Br,,  Pos.  Wire. 

Thus  the  solute  aeems  to  be  split  iiUo  Us  radicals,  and  in  eleetrolyas, 
the  radicals,  if  they  do  not  interact  with  water,  are  set  free.    A 
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substance  thus  set  free  is  called  a  prlnurr  produet  of  the  electrolysis. 
In  the  foregoing  instances  both  products  are  primary. 

Usually  the  chemical  change  is  more  complex.  -  Thus,  when 
dilute  sulphuric  acid  is  electrolysed,  bydrof;;en  and  oxygen  are  lib- 
erated at  the  n^ative  and  positive  dectrodes,  respectively.  But 
these  products  do  not  account  for  the  whole  of  tiie  constituents 
(HtSO^).  We  therefore  proceed  to  examine  the  materials  in  solution 
roimd  the  electrodes.  It  is  found  that,  as  the  action  prepresses, 
sulphuric  acid  accumulates  round  the  positive  wire,  while  the  liquid 
in  the  neighborhood  of  the  other  pole  is  gradually  depleted  of  this 
substance.  In  view  of  this  fact  we  eafdly  explain  the  phenomenon. 
Evidently  the  substance  divides  into  its  radicals,  H  and  SO4,  but  the 
SOt  must  interact  with  the  water  to  produce  sulphuric  acid  and 
oxygen:  230,  +  2HjO  ^  ?H»S04  +  Oj.  The  whole  change  may 
therefore  be  tabulated  as  follows: 

Neg.  Wire,  H,< H,.SOt »0,  and  H^0„  Pos.  Wre. 

Hence  the  hydrogen  is  a  primary  product,  but  the  oxygen  and  sul- 
phuric acid  are  SBCondary  products.  Alt  acids  give  hydn^en  alone 
at  the  negative  electrode,  whatever  may  be  the  product  at  the 
positive* 

If  we  electrolyze  cupric  nitrate  solution,  we  obtain  a  red  depomt 
of  metallic  copper  on  the  negative  plat«  and  at  the  positive  end 
oxygen  and  nitric  acid  are  formed.  We  infer,  therefore,  that  the 
division  of  the  original  molecule  was  into  Cu  and  NO3,  but  that  the 
latter  interacted  with  the  water:   4N0,  +  2HiO »4HN0,  +  O,: 

Neg.  Wire,  Cu< Cu.(NO»)i ►0,  and  HNO»,  Pos.  Wire. 

With  a  solution  of  potassium  chloride  we  find  hydrt^en  and 
chlorine  appearing  at  the  n^ative  and  positive  electrodes,  respec- 
tively. Litinus  paper,  however,  shows  the  presence  in  the  solution 
of  a  base  (potasdum  hydroxide,  KOH)  at  the  n^^ative  end.  We 
infer  that  the  parts  of  the  parent  molecules  are  K  and  CI.  The 
former,  since  it  resembles  sodium  in  being  much  more  acUve  than 
hydrogen  (p.  216),  is  more  difficult  to  liberate.  Hence  hydrogen  is 
liberated  instead,  and  potassium  hydroxide  remains  in  the  liquid: 
2K  +  2H0H  ->  2K0H  +  H,: 

Neg.  Wire,  H,  and  KOH« K.C1 ►CI,,  Pos.  Wire. 

We  are  confirmed  in  this  explanation  when  we  employ  a  solution 
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containing  a  mixtwe  of  salts  of  copper  and  silver.  The  latter, 
being  the  less  active  metal,  is  first  deposited,  alone.  The  copper 
is  liberated  only  after  all  the  «lver  has  been  set  free, 

Havii^  now  before  us  the  results  of  electrolyring  some  typical 
substances,  we  brii^  these  results  into  relation  with  the  facta  de- 
scribed in  Chapter  XVII.  Acids  contain  hydrogen  which  poe- 
aesses  certun  specific  properties  (p.  324),  and  in  electrolysis  alt 
acids  divide  so  as  to  give  up  this  ctmatituerU  alone  at  one  electrode. 
The  evidence  that  the  other  radical  has  different  electrical  proper- 
ties which  carry  it  to  the  oppo^te  plate  is  conclusive.  -Again,  salts 
undergo  double  decomposition  in  which  they  exchange  radicals 
with  acids,  bases,  and  other  salts  (p.  324),  and  we  find  that  it  is 
thaM  T«r  radicals  which  ar»  withdrawn  frtnu  the  solution  by  the  In- 
fltuiuie  oS  tha  olaetarlcl^.  Furthermore,  the  radicals  exist  free  in 
the  solution,  being  fonned  by  dissociation  of  the  molecules  (p.  339). 
Hence  tha  function  of  th«  alaotrldty  laoms  almplj'  to  oonsist  In  riftinff 
ifwrt  tha  two  kinds  of  frae  radicals  which  each  solution  contains. 
It  only  remains  for  us  to  explain  in  detail  the  sifting  action  of  the 
current.  Before  turning  to  this  explanation  of  the  phenomena, 
however,  there  is  one  question  which  may  be  answered  in  pa^ng. 
Since  a  solution  may  eventually  be  cleared  of  all  the  hydrochloric 
acid,  for  example,  which  it  contains,  we  should  like  to  know  how 
the  free  radicals  in  the  center  of  the  cell  reach  the  electrodes. 

Ionic  Migration,  —  To  know  how  the  free  radicals  reach  the 
electrodes,  all  that  is  necessary  is  to  take  a  material,  one  (or  both) 
of  whose  radicals  is  a  colored  substance,  and  watch  the  movement  of 
the  colored  material  as  it  drifts  towards  the  electrode.  Most  salts 
that  give  colored  solutions  are  suitable.  In  dilute  cupric  sulphate 
solution,  for  example,  a  freezing-point  determination  shows  that  the 
deprestdon  has  practically  double  the  normal  value.  In  other  words, 
the  dissociation  into  the  radicals,  CuS04«=^  (Cu)  +  (SO*),  is  almost 
complete.  Now,  the  blue  color  of  this  solution  cannot  be  due  to  the 
remaining  molecules  of  CuSOi,  for  anhydrous  cupric  sulphate  is 
coloriess.  Nor  is  it  due  to  the  color  of  the  (SO*)  radicals,  for  dilute 
potassium  sulphate  and  dilute  sulphuric  acid  are  both  colorless.  On 
the  other  hand,  all  cupric  salts,  in  dilute  solution,  have  the  same  tint. 
The  color  is  therefore  that  of  the  free  cupric  radical  (Cu).  In  order 
most  clearly  to  see  the  motion  of  the  cupric  radical,  we  place  the 
cupric  sulphate  solution  in  the  middle  of  the  space  between  the 
electrodes,  and  place  between  it  and  the  latter  a  ccdwless  conducting 
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solution.     The  motion  of  the  blue  material  acroea  the  boundary  may 
then  be  easily  observed. 

The  most  convenient  arrangement  is  to  dissolve  the  cupric  sul- 
phate in  warm  water  containing  about  5  per  cent  of  agar-agar  (a 
gelatine  obtained  in  China  from  cer- 
tain sea-weeds),  and  to  £1!  with  this 
mixture  the  lower  part  of  a  U-tube 
(Fig.  102).  The  setting  of  the  jeUy 
prevents  subsequent  mixing  of  the 
cupric  sulphate  system  of  materials  - 
with  the  rest  of  the  filling  of  the  tube, 
and  the  consequent  disappearance  of 
the  boundary.  A  few  grains  of  char-  . 
coal  are  scattered  on  the  surface  of 
the  i^lly  to  mark  the  present  limits 
of  the  colored  substance,  and  a  solu- 
tion of  some  colorless  electrolyte,  such 
as  potassium  nitrate,  is  added  on 
each  side.  To  prevent  agitation  of 
P^  jQj^  the  liquid  by  the  effervescence  at  the 

electrodes,  it  is  well  to  use  agar-agar 
with  the  lower  part  of  the  colorljss  liquid  also.  The  whole  is  finally 
placed  in  ice  and  water,  to  prevent  melting  of  the  jelly  by  the  heat 
caused  by  resistance,  and  the  current  is  then  turned  on.  The  agar- 
agar  does  not  oCer  any  appreciable  resistance  to  the  motion  of 
the  ions,  and  is  presumed  to  form  a  sort  of  open  network  in  the 
solution. 

After  a  time,  we  observe  that  the  blue  cupric  ions  ascend  above  tiie 
mark  on  the  oegative  and  descend  away  from  it  on  the  poative  dde. 
In  each  case  there  is  no  shading  off  in  the  tint.  The  motion  of  the 
whole  aggregate  of  colored  radicals  occurs  In  such  a  way  that,  if  the 
contente  of  the  tube  were  not  held  in  place  by  the  jelly,  we  should 
believe  that  a  gradual  motion  of  the  entire  blue  solution  was  bang 
observed.  With  a  current  of  110  volts,  and  a  50-watt  lamp  (one- 
half  ampere)  in  series  with  the  cell,  the  effect,  becomes  apparent  in  a 
few  minutes. 

Although  the  (SO^)  radicals  are  invi^ble,  we  may  safely  infer  that 
they  are  drifting  towards  the  positive  electrode.  Indeed,  this  can  be 
demonstrated  by  interposing  a  shallow  layer  of  jelly  containing  some 
barium  salt  a  little  distance  above  the  charcoal  layer  on  the  positive 
ode.    When  the  (SO^)  radicab  reach  this,  barium  aulptuite  be^ns  to 
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be  precipitated  and  the  layer  becomes  cloudy.    In  fflmilar  ways  the 
progress  of  other  colorless  ions  may  be  rendered  viable. 

It  appears  therefore  that  elecbrolysiB  is  not  a  local  phenomenon, 
gCMi^  on  round  the  electrodes  only,  but  that  the  whole  of  ths  produeu 
of  tlw  dlnoelatiiKi  at  tlu  solute  m  Mt  in  motton.  It  is  on  account  of 
this  remarkable  property  of  travelii^  or  mlgnitliitf  towards  one  or 
other  of  the  elecbx>des  connected  with  a  battery  that  the  individual 
aton^  (like  Cu),  or  groups  of  atoms  (like  S0()  have  been  named  ions 
(Gk.  Imp,  going).  The  term  was  first  applied  by  Faraday  to  the 
materials  liberated  round  the  electrodes. 

Some  writOB  use  the  word  "wEmderinK"  for  migraUon.  But  wandoiiig 
meaos  tamUing  without  any  certain  comae  or  object  in  view,  like  difFuaion  of  a 
gas.  The  ioiu  move  like  a  disciplined  regiment,  with  a  straight  front,  and  exactly 
equal  qMed  along  that  front.  Migration  is  the  movement  of  a  population  in  a 
definite  direction,  and  is,  therefore,  the  appropriate  term.  The  error  is  due  to 
ignorance  erf  German,  in  which  language  Wandenmg  means  migration  and  not 
wandering. 

Relative  Speeds  cf  Migration  t^  Different  Ions.  —  The  speeds 
ot  different  ions  may  readily  be  compared.  The  cupric  ion  moves  at 
the  same  speed  whatever  salt  of  copper  we  employ.  Id  fact,  the 
speeds  of  all  ions  are  individual  properties  and  are  independent  of  the 
nature  of  other  ions  that  may  be  present.  The  speeds  of  all  are 
increased  by  ui^g  a  current  of  greater  electromotive  force.  Under 
nmilar  conditions,  the  relative  speeds  of  most  ions  are  in  the  neighboiv 
hood  of  50  or  60,  on  the  scale  commonly  used  in  expreasng  ionic 
velodtiee.  Thus,  we  have  (K)  65.3,  (CI)  65.9,  (Cu)  49.  The  speed 
of  the  hydn^en  ion  of  acids  is  the  greatest  of  all,  318,  while  that  of 
hydroxide  ion.  of  bases  (OH)  comes  next,  being  174.  These  are, 
respectively,  about  five  and  two  and  one-half  times  as  fast  as  any 
other  ioRs. 

The  actual  speeds  of  these  ions  in  dilute  solutions  at  18°,  when 
driven  by  a  potential  difference  of  1  volt  between  plates  1  cm.  apart, 
expressed  in  cm.  per  hour  is:  (K)  2.05,  (CI)  2.12,  (Cu)  1.6,  (H)  10.8, 
(OH)  6.6,  (SOi)  1.6. 

Bj  an  experiment  simflar  to  the  last,  and  deriaed  hy  A.  A.  Nayee,  the  rdative 
gpeeds  of  different  iona  may  be  demonstrated.  The  U-tube  (f^.  103,  showing 
the  same  tube  A  before  the  current  starts,  and  B  after  it  has  been  passing  for  some 
time)  is  partly  filled  with  agar-agar  emulsion  containing  potassiuin  chloride  and 
phenolphthalein  (see  Indieatora).  On  the  right  side,  a  drop  <rf  potassium  hy- 
droxiile  has  hoat  added  to  rraukr  the  mixture  pink.    On  the  left,  a  drop  ol  hydro 
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chloric  add  is  present,  and  the  mixture  \a  colorless.  Above  the  chanAal  layer,  in 
the  right  limb,  a  mixture  of  hydrochloric  acid  and  cupric  chloride,  i.e.,  H'*'  and 
Cu+*,  and  in  the  left  limb  potaasimn  hydroxide  solution,  i.e.,  0H~,  are  placed. 
The  positive  electrode  is  introduced  on  the  right  and  the  negative  on  the  left. 
The  H  and  Cu  ions  drift  aw&y  from  the  former  down  the  tube  towaide  the,latt«r, 
the  OH  ions  away  from  the  latter  down  the  tube  towards  the  former.    The  nMtion 


*  CirH- 
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of  the  H  is  marked  by  the  disappearance  of  the  pink  color,  that  nf  the  Cu  by  the 
advance  of  a  blue  layer,  that  of  the  OH  by  the  progress  of  a  pink  ooloralion.*  Bj 
the  time  the  H  ions  have  been  displaced  5i  cm.,  the  Cu  ions  have  moved  1  cm. 
and  the  OH  about  2}  cm.  These  distances  indicate  their  relative  speeds  of  mi- 
gration. 

The  Nature  of  Ions.  —  That  the  molec ales  of  certain  classes  of 
substances,  although  seemingly  without  chemical  interaction  with 
the  water  in  which  they  are  dissolved,  should  .nevertheless  be  de- 
composed by  the  influence  of  the  water,  is  strange,  but  not  iuconcrav- 
able.  Heating  produces  a  somewhat  similar  effect  on  many  sub- 
stances.    There  are  two  peculiarities  to  be  accounted  for: 

How  can  the  production  of  a  conducting  medium  by  mixing  two 
nonconductors  be  im^ned  to  take  place?  The  solvent  ia  a  non- 
conductor, and  the  ions,  even  if  they  are  composed  of  conducting 

*  Bas(«,  on  account  of  the  (OH)  they  give,  turn  phenolphthaleln  solutions 
from  colorless  to  pink ;  acids,  on  account  of  the  (H)  they  furnish,  turn  it  from  pink 
tc  colorless  (see  Indicators). 
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material,  are  distributed  through  the  liquid  as  independent  particles 
and  cannot  furnish  a  continuous  medium  for  the  stream  of  electricity. 
This  will  be  clear  when  we  remember  that  although  liquid  mercury  is 
an  excellent  conductor,  mercury  vapor,  composed  as  it  is  of  conduct- 
ing particles,  is  not  a  conductor. 
'  Again,  the  conducting  power  of  the  solution  is  indissolubly  con- 
nected with  the  fa,ct  that  the  original  molecules  of  the  solute  have  berai 
broken  up  by  the  solvent  int<]  smaller  molecules  containing  one  or 
more  atoms.  Why  should  this  particular  kind  of  sulMnolecules  be 
attracted  by  electrically  charged  plates,  which  have  been  lowered  into 
the  solution,  when  molecules  of  dissolved  sugar,  for  example,  are  not 
so  attracted? 

An  answer  to  the  second  question  readily  suggests  itaelf.  The 
only  bodies  which  we  find  to  be  conspicuously  attracted  by  electrically 
charged  objects  are  bodies  which  are  alr&tdy  provided  wiik  eUdrie 
charges  of  their  own.  Thus  we  are  led  to  add  the  idea  that  substances 
which  undergo  dissociation  in  eolation  divide  UuhimIvm  Into  a  special 
kind  of  aleetrioalljr  clucgMl  molMulas. 

Since  the  solution,  as  a  whole,  has  itself  no  chaise,  equal  quantJtlea 
of  poeitiTe  and  nesatire  aleotricUr  must  be  produced: 
HClpiH+  +  Cl-    NaCli=iNa+  +  Cl-    NaOH  «zt  Na+ +  OH^. 

Wild  as  this  supposition  seems  at  first  sight  to  be,  it  turns  out  that 
no  vahd  objection  to  it  can  be  raised.  This  means  that  bivalent 
radicals,  on  dissociation,  will  become  ions  carrying  a  double  charge 
and  trivalent  ions  must  carry  a  triple  charge: 

cuci,  3=1  cu"^  +  2a-,      cuso,  vi  cu++  +  sor, 

KiS04S=t2K+  +  SO»-,  FeCU  ?=i  Fe-*^  +  3Cr.     . 

In  these  equations,  the  coefficients  multiply  the  chai^^  as  well  as 
the  radicals  bearing  the  charges,  and  it  will  be  seen  that  the  num- 
bers of  +  and  —  chains  produced  by  each  dissociation  are  equal. 
Hence,  unlnlmt  lona  all  pouess  equal  quantities  of  eleetrld^,  and 
otiier  itnu  bear  quantities  greater  than  this  in  proportion  to  their 
valence.  This  is  an  inevitable  inference  fiom  the  electrical  neu- 
trality of  all  solutions.  An  ion  is  therefore  an  atom  or  gnmp  of 
atoms  bearing  an  electric  charge. 

To  show  that  this  view  of  the  nature  of  the  ions  is  adequate,  after 
a  section  on  Faraday's  law,  we  shall  next  apply  it  to  the  explanation 
of  the  phenomena  of  electrolysis.  After  that  some  seeming  objectJons 
will  be  discussed. 
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Faraday's  Law,  ■ —  The  above  conclusion  is  confirmed  by  actual 
measurement.  Quantitative  experiment  in  eioctrolyBis  show  tlie 
most  perfect  adjustment  in  this  respect.  Thus,  in  a  single  cell,  the 
quantities  c^  material  liberated  at  the  two  poles  are  invariably 
chemical  equivalents  of  one  another.  With  hydrochloric  acid,  while 
1.008  g.  of  hydrogen  are  being  liberated  at  one  pole,  35.46  g.  of  chlbnue 
are  set  free  in  the  same  time  at  the  other.  But  when  cupric  chloride 
CuCl*  is  substituted,  for  every  35.46  g.  { =  CI)  of  chlorine  set  free, 
only  31.78  g.  (=  i  Cu  =  J  63.57)  of  copper  are  deposited. 

Again,  tbs  amount  of  any  oiw  substaocs  liberatod  is  proportloiul  to 
tlw  (piantity  of  sloctilsity  irtileh  hM  trannsd  tlu  cslL  Tlfis  is  the 
flnt  part  of  Paradar*!  law. 

Finally,  the  passage  of  equal  quantities  of  electridty  through  sev- 
eral different  adds  liberates  equal  amounts  of  hydrc^en  from  each. 
This  is  true,  whether  the  passage  of  the  given  quantity  of  electricity 
is  compressed  into  a  brief  time  in  one  case  and  Spread  over  a  longer 
time  in  another,  or  is  uniform  in  all  casea  compared.  It  is  irrespeo- 
tive  of  the  state  of  dilution  and  of  the  temperature  of  each  acid. 
Thus  two  moles  of  hydrochloric  add  HCl  are  always  dectHnposed  for 
every  one  of  sulphuric  add  H1SO4  by  the  same  current.  Similarly,  if 
in  different  cells  we  place  aolutioDS  of  substances  like  sodium  chloride 
NaCl,  cupric  chloride  CuClj,  antimony  chloride  SbCl*,  ferrous  chloride 
FeCli,  and  ferric  chloride  FeGU,  equaJ  amounts  of  chlorine  are 
hberated  by  cuirente  of  equal  str^igth  in  the  same  time  in  each. 

If  we  con»der  the  relation  of  these  facts  to  the  equivalence  of  the 
materials  liberated  in  any  one  cell,  it  will  be  evident  that  when  one 
gram  of  hydit^n  is  liberated  from  each  of  the  two  adds  m^itioned 
above,  one  equivalent  of  chlorine  will  be  set  free  in  the  one  cell,  and 
one  equivalent  of  SO4,  or  half  the  wdght  represented  by  the  formula, 
will  be  set  free  in  the  other.  Similarly,  with  the  chlorides  of  the  seoond 
and  third  metals,  while  35.46  g.  of  cUorine  are  being  liberated  in  each 
ceU,  the  quantities  of  the  metal  set  free  will  be,  of  copper  one-half  of 
63.57  g.,  and  of  antimony  one-third  of  120.2  g.  linally,  with  the 
two4ron  salts,  the  quantities  of  iron  liberated  by  the  same  current 
will  be  one-hfdf  and  one-third  of  55.84  grams,  respectively. 

The  simplest  way  in  which  to  insure  the  passage  of  predsely  equal 
amounts  of  electridty  through  all  the  cells  is  to  arrange  them  in 
series.  We  know  that  in  such  circumstances  the  quantity  of  electric- 
ity baversing  any  section  of  the  whole  drcuit  must  be  the  same  as 
that  traversing  any  other.  In  a  series  of  cells  containing  substances 
like  the  above,  therefore,  during  the  time  that  1.008  g.  of  hydrogen  is 


IONIZATION 


•J51 


b^ng  set  free,  we  Bhall  have  liberatioD  of  the  equivalsnt  quaatities  of 
each  of  the  et^er  ions  (Fig.  104).  Thus  the  Moond  put  of  randay'i 
kw  states  that:  Iqual  qn»nUtl«i  of  olMterldtr  lUwrats  chsmleallj 
aqufnlant  qoMrtittw  of  the  tons  (equivalent,  p.  63,  not  atomic  or 
molecular). 


In  this  connection  we  note  that  the  ionizations  of  ferrous  chloride 
and  of  ferric  chloride  are  written  as  follows: 

FeClj  T±  Fe++  +  201"  FeCli  ^  Fe+++  +  3Cr . 

FoToua-ion  Fe**  and  ferric^on  Fe+++,  althougb  differing  only  in  the 
quantity  of  the  cbai^  carried  by  each  ion,  have  entirely  distinct 
chemical  properties.  In  mltlnc  oquattons  InvcdTiaff  ituu,  care  must 
always  be  taken  to  mske  the  numben  of  -f-  and  —  cha^M  •qjuL 


Application:  The  Explanation  of  Electroly»ia.  —  A  battery 
is  a  machine  which  maintains  two  points,  its  poles,  oi"  two  wires  con- 
nected with  them,  at  a  con- 
stant difference  of  potential. 
One  cell  of  a  lead  storage  bat- 
tery, for  example,  maintains  a 
potential  difference  of  about 
two  volts.  When  the  wires 
are  joined,  directly  or  indi- 
rectly, the  poles  are  immedi- 
ately <fiBcharged,  but  the  cell 
continuously  reproduces  the 
difference  in  potential  by  gen- 
erating fresh  electricity.  Now  the  effect  of  inunei^ng  two  plates, 
one  of  which  is  kept  by  the  battery  at  a  definite  podtive  potential 
and  the  other  at  a  definite  negative  potential,  into  a  liquid  filled  with 
floating  multitudes  of  minute  bodies,  already  highly  dwtrged,  may 
easily  be  foreseen. 
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The  figure  (Fig.  105)  will  convey  some  idea  of  the  behavior  of  ttie 
parte  of  a  system  such  as  we  have  imagined.  The  electrodes  are 
marked  —  and  +.  The  n^atively  chained  plate  attracts  all  the 
po^tively  charged  particles  in  the  veeset  and,  although  these  particles 
were  in  continuous  and  irregular  motion,  they  at  once  begin  to  drift 
toward  the  plate  In  question.  On  the  other  hand,  the  negatively 
chained  particles  are  repelled  by  this  plate  and  attracted  by  the 
po^tive  plate,  ao  that  they  drift  in  the  opposite  direction.  Those 
which  are  nearest  each  plate,  on  coming  in  contact  with  it,  will  lose 
their  charges  of  electricity,  turning  thereby  into  the  ordinary  free 
forms  of  the  matter  of  which  they  are  composed.  The  continuous 
removal  of  the  electrical  charges  of  the  plates  through  contact  with 
ions  of  the  opposite  chai^  furnishes  occa»on  for  recharging  of  the 
plate  from  the  battery,  and  thus  gives  rise  to  a  continuous  current  in 
each  wire.  Again,  the  continuous  drifting  of  positively  and  nega- 
tively charged  particles  in  opposite  directions  through  the  liquid, 
constitutes  what,  in  the  view  of  all  external  means  of  observation, 
'  appears  to  be  an  electrical  current  in  the  liquid  also.  A  magnetized 
needle,  for  example,  which  is  deflected  when  brought  near  one  of  the 
wires  of  the  battery,  is  influenced  in  the  same  way  by  beii^  brought 
over  the  liquid  between  the  electrodes.  The  illusion,  so  to  speak,  of 
an  electric  current  is  complete,  although  in  reality  it  is  a  corwedum  of 
electricity  that  is  taking  place.  Furthermore,  the  quantity  of  elec- 
tricity being  transported  across  any  section  of  the  whole  system  is  the 
same  as  that  across  any  other,  whether  this  section  be  taken  through 
one  of  the  wires,  through  the  electrolyte,  or  even  through  the  battery 
at  any  point.  As  fast  as  the  ions  are  thus  annitiilated  as  such,  the 
undissociated  molecules  (mingled  with  the  ions,  but  not  shown  in  the 
figure)  dissociate  and  produce  fresh  ones,  as  in  all  chemical  equilibria. 
Eventually,  by  continuing  the  process  long  enough,  if  the  substances 
set  free  are  actually  deposited  and  do  not  go  into  solution  again  in  any 
form,  the  liquid  can  he  entirely  deprived  of  the  solute  which  it  cont^ns. 
The  analogy  to  the  transportation  of  a  fluid  like  water  ts  noticeable, 
although  not  complete.  Water  may  be  transported  in  three  ways. 
It  may  flow  through  a  pipe,  it  may  pass  by  pouring  freely  from  orte 
container  to  another,  and  it  may  be  carried  in  vessels.  Thus  a  stream 
of  water,  essentially  continuous,  might  be  arranged,  in  which  part  of 
the  passage  took  place  through  the  pipes,  part  by  pouring  from  the 
pipes  into  buckets,  and  part  by  the  carrying  of  those  buckets  between 
the  ends  of  the  pipes.  The  quantity  of  water  passing  a  given  point  per 
minute  in  this  system  would  be  the  same  at  every  part,  although  the 
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actual  method  by  which  the  water  was  transported  past  the  varioua 
points  might  be  diSereDt.  In  such  a  diaiointed  circuit  we  8upp<»e  the 
electricity  to  move  when  carried  from  a  battery  through  an  electrolytic 
cell.  It  flows  in  the  wire,  passes  by  discharge  between  the  pole  and 
the  ion,  and  is  transported  upon  the  ions  in  the  liquid.  The  parallel 
is  imperfect,  however,  because  we  have  used  the  conception  of  two 
electric  Quids  and  because  the  ions  are  dready  charged  in  the  solution, 
and  before  any  connection  with  the  baUery  is  made.  They  do  not,  so  to 
speak,  transport  the  electricity  of  the  battery,  but  their  own. 

The  harmony  between  the  quantity  of  electricity  and  the  chemi- 
cal valence  of  the  material  jrhich  it  liberates  is  complete.  The 
picture  which  the  process  of  electrolyms  in  a  series  of  cells  (p.  351) 
presents  to  our  minds  is  very  interesting.  The  progress  of  the  elec- 
tri<nty  through  the  series  is  accompanied  by  a  amultaneous  discharge 
in  all  the  cells  of  chemically  corresponding  numbers  of  ions.  For 
every  atom  of  antimony  that  is  hberated  in  one  cell,  three  atoms  of 
chlorine,  three  atoms  of  hydn^en,  and  one  atom  of  ferric  iron,  are  set 
free  at  the  same  time.  For  two  atoms  of  ferric  iron,  three  atoms  of 
ferrous  iron  and  three  atoms  of  copper  are  deposited.  Even  in  the 
battery  which  generates  the  current,  the  chemical  changes  taking  place 
[HT>ceed  atom  for  atom  and  valence  for  valence  in  unison  with  those  in 
the  cells  on  the  circuit.  For  example,  if  the  battery  contains  zinc 
plates,  for  every  atom  of  zinc  that  dissolves,  one  oif  copper  and  two  of 
chlorine  will  be  liberated  in  one  of  the  cells.  Our  imaginary  inecha^ 
'jdm  thus  puts  all  the  processes  going  on  in  the  circuit  in  the  light  of 
movements  of  the  parts  of  a  perfectly  adjusted  and  interlocked 
machine. 

Qaeationa  Suggested  by  thia  Explanatian,  —  The  question 
was  rused  (p.  339),  as  to  bow  we  can  imagine  separate  atoms  of 
sodium  to  e^st  in  water  without  acting  upon  it,  as  the  metal  sodium 
usually  does.  But  the  ions  of  sodium  in  sodium  chloride  solution  are 
not  metallic  sodium.  They  bear  large  changes  of  electricity.  They 
possess  an  entirely  different,  and  in  fact,  by  measurement,  much 
smaller  amount  of  chemical  energy  than  free  sodium.  And  the 
properties  of  a  substance  are  determined  as  miich  by  the  enei^  it 
contains  as  by  the  kind  of  matter.  Metallic  sodium  and  ionic  sodium 
ate,  amply,  different  substances. 

Beddes,  when  metallic  sodium  acte  on  water,  it  turns  into  the 
i<Hiic  sodium  of  sodium  hydroxide  (p.  115) :  Na+  +  OH"  ^  NaOH. 
Ionic  sodium  Na+  from  sodium  ctdoride  is,  therefore,  already  in 
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the  very  state  which  metallic  sodium  reaches  by  interaction  with 
water,  and  is  in  no  need  of  trying  to  enter  that  state. 

2.  We  think  of  hydrogen  chloride  and  common  salt  as  exceei^ngly 
stable  substances,  and  are  averse  to  believii^  that  pre<asely  these  com- 
pounds should  be  highly  dissociated  by  mere  solution  in  water.  But 
it  must  be  remembered  that  in  solution  th^  undeigo  chemical  change 
very  eaoly,  and  it  is  only  in  the  dry  form  that  they  show  unusual 
stability. 

3.  Again,  why  do  not  the  ions  combine,  in  lesponse  to  the  attrao- 
tiot.^  of  their  chaises?  The  answer  is  that  they  do  combine,  but  the 
rate  at  which  combination  takes  place  is  no  greater  than  that  at  which 
the  molecules  decompose,  so  that  on  the  whole  the  proportion  of  iona 
to  molecules  remains  unchanged. 

4.  It  might  appear  that  the  idea  that  bodies  could  retain  high 
charges  in  the  midst  of  water  is  contrary  to  all  experience.  It  must 
be  remembered,  however,  that  the  molecular,  pure  water,  which 
separates  the  ions  from  one  another,  is  a  perfect  nonconductor.  The 
moisture  which  covers  electrical  apparatus  and  causes  leakage  of 
static  electricity  is  not  pure  water,  but  a  dilute  solution  containing 
carbonic  acid  (p.  197)  and  materials  from  the  glass  of  which  the 
apparatus  is  made  (p.  143).  It  conducts  away  the  charge  dectro- 
lytically,  by  means  of  the  ions  it  contains,  and  not  by  itself  acting  as 
a  conductor. 

5.  Finally,  when  we  dissolve  an  electrically  neutral  si^t  in  water, 
whence  do  the  radicals  obtain  the  electric  charges?  We  now  ^uow 
that  an  atom,  say  of  sodiimi,  contains  a  minute  nucleus  of  positive 
electricity,  which  contains  most  of  the  mass  of  the  atom.  Outade 
of  this  nucleus,  there  are  particles  of  "b^^tive  electricity,  called 
•IftctTosB  (q.v.),  each  having  a  mass  about  one-seventeen  himdredth 
(tAtj)  of  that  of  an  atom  of  hydrogen.  An  ion  of  chlorine  (C1-) 
consists,  therefore,  of  an  atom  of  chlorine  pbis  one  electitm  (CI  +  *)• 
An  ion  of  sodium  is  an  atom  of  sodium  minus  one  electron  (Na  —  c) 
and  has  thus  an  excess  of  one  unit  positive  charge  in  tbe  nucleus. 
When  these  two  ions  combine,  the  resulting  molecule  NaCl  is  neutraL 

According  to  this  ^ew,  a  batteiy  la  a  gouroe  of  •IvotrooB,  which 
pass  in  a  stream  aloi^  the  negative  wire.  When  the  electrons  reach 
the  electrode  in  an  •teotrolrtic  cell,  they  (being  negative)  attract  the 
positively  charged  ions  and,  when  the  latter  touch  the  electrode,  the 
misdng  one  or  more  electrons  are  supplied  to  each  ion,  and  the 
material  of  the  ion  is  then  neutral  and  free : 

2H+  +  2e-»Hit.    or    Cu^-^  +  & -» Cu  i  . 
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The  negatiTe  ions  are  repelled  by  the  negative  electrode  and  move 
toward  the  positive  one.  Also,  if  several  positive  ions  could  be 
rendered  neutral  and  free,  there  would  be  an  excess  of  n^ative 
charges  in  the  solution.  To  avoid  this,  the  negative  ions  in  contact 
with  the  positive  electrode  give  up  an  equivalent  number  of  electrons 
to  the  pkte  and  wire:  2C1-— »Clit  +  2e.  Thus,  the  circulation 
of  the  electrons  is  completed,  and  the  current  of  electrons  flows  in  all 
parts  of  the  system. 

Reaume  and  Notnenclatt^e.  —  The  dissociation  of  molecules 
into  ions  is  named  lonlutton.  The  substances  of  the  three  classes 
which  alone  are  ionized  are  designated  Itmogena.  An  Ion  may  be 
deflnad  as  a  molecule  bearing  negative  or  positive  chaises  of  elec- 
tridty  in  proportion  to  its  valence,  r.nd  formed  tbroi^  the  diasoeia- 
tion  of  an  ionogen  by  a  solvent  like  water. 

The  solutioQ  of  an  ionized  substance  is  called  an  electrolyte,  and  often  this 
term  is  tq)plied  also  to  adds,  bases,  and  salte  themselves,  because,  when  disstdved, 
th^  produce  electrolytes.  This  is  rather  a  confusing  metonymy,  however,  be- 
cause these  bodies  by  themselves  are  nol  eondncton.  This  use  of  the  t«nn  also 
introduces  obscurity  because  it  connects  the  ionization  with  dectrolyras  and  al- 
ways  conveys  the  impression  that  the  latter  produces  the  former.  The  electro- 
lytic property  of  ions  is  only  one  amon^  many  special  properties  of  electrolytea, 
and  the  majority  of  these  properties  are  chemical  and  have  nothing  to  do  with 
dectn^ysis.     Hence  we  have  preferred  the  more  general  word  "ionogen." 

Each  molecule  of  the  solute  pvea  two  kinds  of  ions  with  oppoate 
diarges.  These  two  are  forthwith  distinct  and  independent  sub- 
stances, save  that  the  attractions  of  the  charges  prevent  any  con- 
mderable  separation  by  diffuMon.  They  differ  from  non-ionic  sub- 
stances of  the  same  material  composition  when  such  are  known. 
The  electrical  charge  is  one  of  the  essenUal  constituents  and,  when 
it  is  removed,  the  properties  alter  entirely.  Thus  we  have  two 
kinds  of  hydrc^n — gaseous,  molecular  hydrogen  (Hj),  and  ionic 
hydrc^en  CH+)  —  with  entirely  different  chemical  properties  (p.  340). 

The  radicals  and  their  chemical  behavior  are  real,  and  all  the 
peculiarities  of  aqueous  solutions  of  acids,  bases,  and  salts  are  ex- 
perimental facts.  We  now  have  experimental  knowledge  of  the 
minute  parts  of  boi^es.  Molecules  are  units  which  are  not  commonly 
disintegrated  by  vaporization  (p.  233);  ions,  those  which  are  not 
commonly  isint^rated  in  double  decomposition  in  solution;  atoms, 
those  which  are  not  commonly  disintegratedjin  any  chemical  action. 
But  there  are  exceptions  in  each  of  the  three  cases.    The  ionio 


356 


INOROAmC  CHEMISTRY 


explanation  waa  first  suggested  as  an  hypotheas  by  Svante  Arrti^us, 
a  Swedish  chemist,  in  1887.  From  the  appearance  of  his  remarkable 
memoir  we  date  the  great  development  which  the  study  of  solutions* 
has  undei^ne  in  recent  years. 

It  is  worth  noting  that  the  quantities  eiqireesed  by  the  formula  Al,  Ca,  and  K, 
when  existing  as  ions,  produce  equal  osmotic  pressures,  and  have  equal  effects 
upon  the  treeaiiig-  and  boiling-points.  This  is  a  further  justification  for  our 
ehoioe  of  chemieal  unit  quantities  of  the  elements  (atomic  WMghta),  for  the 
atomio  weights  have  these  properties  in  common,  and  equivalents,  of  course,  do 
not  (<;/'.  p.  246). 

Since  ionic  hydrogen,  ionic  chlorine,  etc.,  are  entirely  different  in 
phycdcal  and  chemical  properties  from  the  corresponding  free  ele- 
ments, they  should  receive  separate  namei.  Wlien  it  is  incon- 
venient to  say  "ionic  hydrogen,"  "ionic  nitrate  radical"  (NOT"), 
etc.,  the  following  tuunw  will  be -used  for  the  itmlc  nibatauMB: 


BftDbol. 

N»mdI 

AnhHiol 

STmboL 

Nuuor 

CUianotMtxir 

sor 

cr 

BSO.- 
OiT 

8uli.Ii.to 
Chbrid™ 

NTU+ 

FBTrip-ion 

Ferrous- ion 
Hydro».n-»ri 

Sodium 
FxiMinm 

Hrdn(«>  bHid.) 

In  u^g  these  terms,  note  that  sodium-ion  (with  the  hyphen)  is  the 
name  of  the  substance,  and  not  of  the  charged  atom.  When  speakii^ 
in  terms  of  ions  as  particles,  therefore,  we  may  not  say  "a  sodium- 
ion,"  any  more  than  we  should  say  "an  ionic  sodium"  or  "ionic 
sodiums."  To  describe  the  charged  molecule,  we  must  write  "a 
sodium  ion,"  "sodium  ions,"  "chlorate  iong,"  etc. 

Faraday  distinguished  by  name  the  two  kinds  of  material  which 
proceed  with  and  against  the  poative  current.  His  terminology  is 
still  used.  Ions  which  proceed  in  the  same  direction  as  the  positive 
current  (Rg.  105,  p.  351)  are  called  cations  (Gk.  mrd,  down).  Such 
are  H+,  Cu++,  K+,  NH^^.  They  are  motallio  oinnents,  or  groups 
which  play  the  part  of  a  metal.  The  electrode  (Gk.  S&n,  a  path) 
upon  which  they  are  deposited,  the  negative  electrode,  is  spoken  of  as 
the  cathod*  (Gk.  4  xiiSaSas,  the  way  down). 

*  The  Scientific  Memoin,  No.  IV  (American  Book  Company),  is  a  rq>riitt 
of  the  fundamental  papers  by  Raoult,  van't  HoS,  and  Anhaiius. 
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The  particles  which  move  in  the  direction  of  the  ne^tive  current, 
and  against  that  of  the  positive,  are  named  aaioni  (Gk.  Avi',  up).  The 
ioM  Cl~,  NOr,  SOr,  MnO*"  are  of  this  kind.  They  are  usually  com- 
posed of  non-metala,  although  sometimes,  as  in  MnOt^fthe  constitu- 
ents may  be  partially  metallic.  They  are  set  free  at  the  positive  elec- 
trode, which  is  therefore  named  the  uiod*  (Gk.  4  ivo^,  the  way  up). 
Chranists  speak  of  metallic  and  non-metallic  elements  as  poaltlTs 
and  saffttln  elsmanti,  respectively  (qf.  p.  150),  even  when  electrical 
relations  are  not  directly  in  question,  and  ions  are  not  concerned. 

In  order  that  this  idea  may  be  carried  out  consistently,  the  libera- 
tion of  any  of  these  ionic  materials  at  one  electrode  in  electrolyda  is 
written  as  follows: 

Ag*  +  e  -» Ag,  2Cr  +  2©  ->CI,. 

Here  @  and  ®  represent  the  unit  quantities  of  negative  and  posi- 
tive electricity  furnished  by  the  battery  to  the  electrodes  and  de- 
stroyed by  opposite  charges  upon  the  ions. 

The  solvents  which  produce  ionization  are  the  associated  .liquids 
(p.  282),  like  water  (p.  202),  hquefied  ammonia,  and  alcohol.  Those 
which  do  not  produce  ionization  are  the  non -associated  liquids,  like 
benzene,  toluene,  and  carbon  disulphide.  This  Ukewise  is  explained 
by  the  fact  that  the  former  have,  by  measurement,  high  dielectric 
constants,  and  so  are  able  to  hold  charged  bodies  apart,  while  the 
latter  have  low  ones. 

Actual  Quantities  of  Electricity  Concerned, — The  units 
of  electrical  energy  are  the  coulomb,  which  is  the  unit  of  quantity, 
and  the  vcdt,  which  is  the  unit  of  diSerence  of  potential  (or  pressure, 
so  to  speak).  Faraday's  law  has  to  do  only  with  the  former.  Equal 
numbers  of  coulombs  liberate  equivalent  weights  oi  all  elements, 
but  cUfferent  voltages  are  required  to  decompose  different  compounds, 
according  to  their  stability  (see  Chap.  XXXVIII). 

To  liberate  1.008  g.  of  hydrc^en,  or  one  equivalent  of  any  other 
.  element,  96,504  coulombs  of  electricity  are  needed.  The  chaises 
OD  1.008  g.  of  hydrogen  ions  must,  therefore,  equal  this  amount. 
There  are  6.07  X  10"  molecules  of  hydrogen  in  22.4  liters  (Hi)  and 
therefore  in  2.016  g.  of  the  gas.  A  simple  calculation  shows  there- 
fore that  each  coulomb  is  distributed  over  about  63  X  lO**  ions  of 
hydrogen. 

A  current  of  1  coulomb  per  second  is  called  1  ampere.  Thus, 
the  current  paesing  through  a  1-amp.  lamp  (or  2  half-ampere,  50 
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watt*  lamps  in  parallel)  will  liberate  1.008  g.  (11.2  liters)  of  hydro- 
gen in  96,504  seconds,  or  26  hours  and  49  minutes.  The  same 
current  will  liberate  107.88  g.  of  silver  (Ag"),  or  31.78  g.  of  copper 
(Cu"/2)  from  a  cupric  salt  in  the  same  time.  A  current  of  5 
amperes  will  accomplish  the  same  result  in  one-fifth  of  the  time. 
In  consequence  of  this,  the  liberation  of  hydrogen  from  a  dilute 
acid  by  electrolysis,  or  the  deposition  of  silver  or  copper,  is  used  as 
a  means  of  measuring  quantities  of  electridty.  The  volume  <rf 
hydrogen  collected,  or  the  increase  la  weight  of  the  negative  electrode 
in  a  cell,  called  under  such  circumstances  a  voltametar  (measurer  of 
coulombs,  not  volts),  is  a  measure  of  the  quantity  of  electricity  which 
passes  around  the  whole  circuit  of  which  it  forms  a  part. 

Applications!  Ionic  Equilibrium.  —  Since  the  ions  are  chemi- 
cally different  from  their  parent  molecules,  th«r  formation  repre- 
sents a  variety  of  chemical  change.  The  change  may  not  involve 
any  chemical  interaction  with  the  water.  It  is  simply  a  dissocia- 
tion, i.e.,  reversible  decompo^tion  of  the  dissolved  substance. 

From  the  fact  that  the  proportion  of  molecules  ionised  is  shown 
to  become  greater  as  more  and  more  of  the  solvent  is  added  (p.  337), 
and  that  removal  of  the  solvent  diminishes  the  proportion  of  ions  to 
molecules,  and  finally  leaves  the  substance  entirely  restored  to  the 
molecular  condition,  we  know  that  this  is  a  reversible  action  and 
therefore  a  true  dissociation.  The  molecules  and  their  ions  adjust 
Hhemselves  like  the  components  in  any  case  of  chemical  equilibrium 
(pp.  289-307): 

Naa?±Na+  +  Cr. 

These  equilibria  are  all  of  precisely  the  same  nature  as  that  of 
phosphorus  pentachloride  vapor  (p.  299),  and  the  discusEdon  of  the 
latter  should  be  reexamined  and  applied  by  the  reader.  The  sole 
difference  is  that  here  change  in  volume  is  effected,  not  by  compresmon 
or  by  release  of  pressure,  but  by  removing  or  adding  water.  The 
adjuatment  to  a  condition  of  wiuilibriuin,  however,  Beflou  to  b«  instan- 
taiMDus  ^iMF*  loQi  arfl  ooncflmod,  while  in  other  chemical  actions  it 
always  takes  a  perceptible,  and  often  a  considerable  interval  of  time. 
The  chemical  behavior  of  substances  in  ionic  equiUbrium  will  be 
discussed  in  the  next  chapter  (see  p.  377), 

•  No.  atnperefl  X  no.  volta  ■■  no.  watta.    Hence,  with  100  volta,  a  SO-wstt 
^|inp  carriu  one-half  ampere. 
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*  The  mode  of  formulation  previously  used  {p.  298)  may  be 
employed  here.  If  [NaCl],  [Na+],  and  [C1-]  stand  for  the  molec- 
ular concentrations  (numbers  of  moles  per  liter)  at  equilibrium  of 
the  molecules,  and  the  two  ions,  respectively,  we  have  an  equihb- 
rium  constant  (^.  p.  298),  in  this  case  called  the  tonUrtlon  sonsUnt: 

^  ^  [Na+]  X  [Cn 
[NaCl]       : 

When  we  lUssolve  a  rangle  substance  which  i^ves  only  two  ions,  the 
molecular  concentrations  of  the  ions  are  necessarily  equal.  When 
some  other  ionogen  with  a  common  ion  is  present,  however,  the 
values  of  [Na+]  and  [Cl~]  will  be  different. 

The  Electrical  Energy  Required  to  Decompoae  Different 
Compounds.  —  Chemical  compounds  are  of  very  different  degrees 
of  stability,  and  hence  the  quantities  of  energy,  electrical  or  otherwise, 
required  to  decompose  them  vary  widely.  Thus,  hydrogen  cUoride 
is  very  stable,  while  hydrogen  iodide  is  ea^y  decomposed  by  heating. 
The  disunion  of  one  mole  (equivalent  quantities)  of  these  substances 
in  aqueous  solution  absorbs  39,300  cat.  and  13,100  cal.  of  heat  enei^, 
respectively.  Hence,  although  equal  quantities  of  electricity  (96,504 
coiilombs  in  each  case)  perform  this  office,  very  unequal  amounts  of 
electrical  energy  are  used  up  in  the  electrolysis. 

The  energy  in  a  stream  of  water  is  represented  by  the  product  of 
the  quantity  passing  a  given  section  and  the  pressure  or  head  of  water 
avulable  at  that  point.  If  the  pressure  is  low,  the  work  that  can  be 
done  will  be  small,  even  if  the  quantity  flowing  is  great.  So  electrical 
energy  is  expressed  by  the  product  of  the  current  strength,  or  quantity 
of  electricity  pasangper  second  durii^  a  certain  period  of  time,  and 
the  electromotive  force.  The  latter  corresponds  to  pressure,  and  is 
defined  by  the  difference  in  potential  of  two  points  in  the  circuit 
between  which  the  energy  is  being  used  up. 

Now,  in  the  series  of  cells  which  was  described  (p.  351),  each  cell, 
while  b^g  traversed  by  the  same  quantity  of  electricity  as  any  of 
the  others,  cuts  down  the  electromotive  force  of  the  current  in  propor- 
tion to  the  amount  of  enei^  consumed  by  the  decompodtion  going  on 
within  it.  Hence,  while  a  voltmeter  will  show  no  difference  in  poten- 
tial between  two  neighboring  parts  of  the  heavy  wires  used  as  connec- 

*  Hw  otmtent  oi  this  paragr^h  ia  referred  to  in  Chi^.  XX,  but  is  not  eio- 
ploTed  ByatemoiticaUy  until  Cluq).  XXXIV  a  reached. 
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tions,  for  qo  work  is  bdag  done  in  the  wires,  it  will  show  a  considerable 
difference  in  potential  between  two  pointa  which  are  separated  by  one 
of  the  cells. 

A  system  of  cars  hauled  by  a  cable  is  analogous  to  our  set  of  cells 
and  more  familiar.  When  clutched  to  the  cable,  all  the  cars  move 
with  equal  speed,  but,  being  loaded  with  different  numbers  ot  passen- 
gers, take  very  (Merent  amounts  of  power  from  the  moving  cable. 

We  should  infer  from  this,  that  to  decompose  every  electrolyte,  a 
current  of  a  certain  minimum  electromotive  force,  sufficient  to  furnish 
the  fall  in  potential  necesratated  by  the  chemical  change,  which  would 
be  different  in  different  cases,  would  be  required.  This  is  found  to  be  . 
the  case.  For  the  easy  decomposition  of  sulphuric  acid  and  liberation 
of  the  products  an  electromotive  force  of  at  least  1.92  volts  is  necessary, 
for  hydrochloric  acid  1.41  volts,  for  hydriodic  acid  0.53  volts,  for  zinc 
sulphate  2.7  volts,  and  for  silver  nitrate  0.70  volte.  When  we  use  a 
current  of  electromotive  force  falling  short  of  that  specified,  we  find 
that  the  flow  of  electricity  ia  interrupted.  The  electrolytic  cell  practi- 
cally forms  a  break  in  the  circuit  (see  Chap.  XXXVIII). 

Polarixatian.  —  It  is  found  that  whcxi  plates  of  platinum,  a 
metal  which  is  not  acted  upon  by  the  liberated  radicals,  are  used,  the 
products  of  electrolysis  accumulate  on  the  electrodes  and  tend  to 
produce  a  reverse  current  (see  Electromotive  chemistry).  The  cell  is 
said  to  be  polarUod.  Thus,  after  hydrochloric  acid  has  been  elec- 
trolyzed  for  a  few  moments,  hydrogen  and  chlorine  adherii^  to  the 
two  platinum  plates  set  up  this  current.*  If  the  Imttery  is  dis- 
connected, the  electrolytic  cell  becomes  for  a  brief  time  itself  a  batteiy, 
the  re-ionization  of  the  hydrogen  and  chlorine  (reproducijig  hydro- 
chloric acid)  furnishing  the  energy.  It  is  the  continuous  overcoming 
of  this  reverse  current,  and  prevention  of  the  re-ionization,  that 
demands  the  minimum  electromotive  force  (here  1.41  volts)  of  which 
mention  has  just  been  made. 

It  is  posdble  to  arrange  cells  in  which  no  polarization  can  take 
place.  Thus,  when  we  electrolyse  cupric  sulphate  between  copper 
electrodes,  the  copper  is  deposited  upon  one  plate  and  the  SO4  removes 
the  copper  from  the  other  plate,  forming  cupric  sulphate,  thus  restor- 
ing the  electrolyte  to  its  original  condition.  The  only  difference  is 
that  a  portion  of  the  copper  has  been  deposited  on  one  pole  and  an 
equivalent  amount  has  been  removed  from  the  other  (see  Copper 

*  If  ooppo-  plates  are  used,  cupric  chloride  is  fonoed  at  the  podtive  {date 
(anode),  and  no  polarizatioD  can  occur  at  that  pUt«. 
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refiiuDg).  With  such  cells,  no  minimum  difference  in  potential  ie 
required  to  effect  electrolysis,  for  there  is  no  polarization  current  to  be 
overcome.  The  feeblest  electric  current  will  produce  continuous,  if 
slow,  chemical  change. 

This  result  is  extremely  interesting,  for  it  shows  that  the  operation 
of  miration  in  itself  doee  not  require  the  consumption  of  much 
eaergy.  If  the  molecules  were  actually  torn  apart  by  the  electricity, 
then  all  electrolytic  operations  would  require  a  minimum  electro- 
motive force  for  th^  maintenance.  The  fact  just  stated,  therefore, 
is  significant,  for  it  confirms  the  present  views  in  regard  to  the  theory 
of  solutions.  This  fact  is  in  agreement  with  the  belief  that  the  actual 
production  of  the  ions  is  accomplished  by  the  water  in  advance,  and 
quite  independently  of  the  use  of  electricity,  and  that  the  sole  function 
of  the  electricity  in  the  process  of  electrolysis  vnthin  the  aolitiion  con- 
nsts  in  the  pilotage  of  the  ions  in  reverse  directions  according  to  thdr 
charges,  an  operation  which  necessarily  consumes  but  little  energy. 
The  friction  alone  of  the  moving  ions  has  to  be  overcome.  It  makes 
dear  the  fact  that  it  is  only  when  the  chemical  change  in  the  cell 
involves  the  actual  deconLpo^tion  of  some  material,  accompanied  (as 
in  the  electrolyms  of  hydrochloric  acid)  by  the  final  delivery  of  the 
constituents  in  the  free  state,  that  considerable  consumption  of 
electrical  energy,  proportional  to  the  extent  of  the  chemical  change, 
must  take  place. 

Applications:  The  Conductivity  of  JSIectroIytes  for  Elec- 
tricity. —  The  faoUlty  wltb  wblch  oqol-moUir  •<datloiHi  of  dUtarant 
cabBUoBM  Qonduot  fllectriclt;,  when  they  are  placed  under  like  condi-^ 
tions,  dapoids  Jointly,  (t)  on  tlu  doBTM  of  ionlutloii,  (S)  aa.  the  qwsd 
with  which  the  ioni  morv,  and  (8)  on  the  Talsnc*  of  the  ions. 

This  is  easily  explained.  Equal  numbers  of  the  original  molecules 
are  used  in  making  the  different  solutions  being  compared  (equi-molar 
solutions).  Evidently  the  greater  the  percentage  oi  the  molecules  of 
the  solute  which  is  ionized  (1),  the  lai^r  the  number  of  the  ions 
present,  and  the  greater  the  facilities  for  transporting  electricity 
through  the  solution.  Also,  with  equal  numbers  of  ions,  those  which 
move  fastest  (2)  will  carry  the  most  electricity  through  the  solution. 
FinaUy,  with  equal  numbers  of  ions,  and  equal  speeds,  ions  with  higher 
valence  (3),  and  therefore  more  unit  charges  per  ion,  will  carry  more 
dectricity  than  will  ions  with  only  one  chai^  per  ion  (univalent 
ions).  The  case  is  tike  ferrying  an  army  across  a  river.  The  number 
of  soldiers  passit^  per  hour  will  depend,  (1)  upon  the  number  of  boats 
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available,  (2)  upon  the  speed  with  which  each  boat  moves,  and  (3) 
upon  the  capacity  c^  each  boat. 

When  equivalent  instead  of  equi-molar  amounts  are  compared, 
the  last  of  these  factors,  the  valence,  drops  out  of  corndderation. 

The  most  highly  dissociated  acids,  aa  we  should  expect,  dnce  they 
give  large  numbers  of  the  speedy  hydrogen  ions,  are  the  best  con- 
ductors. The  highly  ionized  bases,  such  as  potassium  and  sodium 
hydroxides,  come  n^.  The  best  conductors  among  salts  fall  con- 
siderably behind  both  of  these,  because,  although  their  degrees  of 
ionization  may  not  be  less  than  those  of  the  best  conductii^  acids  and 
bases,  their  ions  all  move  more  slowly  than  do  hydrogen-ion  and 
hydroxide-ion.  On  the  other  hand,  concentrated  solutions  all 
conduct  badly,  relatively  to  the  number  of  molecules  originally  used 
in  making  them,  because  only  that  proportion  of  the  substance  which 
is  ionized  contributes  to  the  conduction  (p.  358).  All  this  is  just  what 
we  should  expect,  in  view  of  our  hypothesis,  for  the  passage  of  the 
electricity  must  be  dependent  upon  the  frequency  with  which  dis- 
charges of  the  ions  upon  the  electrodes  occur,  and  this,  in  tui  i,  must 
depend  upon  both  the  concentration  and  the  speed  of  the  ions.  To 
return  to  an  anal(^y  used  once  before,  the  rate  at  which  a  fluid  can  be 
transferred  between  two  reservoirs  must  depend  upon  the  densenesa 
of  the  array  of  buckets  available,  on  the  speed  with  which  they  are 
moved,  and  on  thdr  individual  capacity. 

Ordinarily,  it  is  the  resistance  which  a  substance  presents  to  the 
passage  of  the  electric  current  which  is  measured.  Obvioudy,  how- 
ever, for  the  present  purpose  it  is  more  convenient  to  pve  expresEdon 
to  the  reciprocal  of  this  value,  which  we  term  the  oonductlvl^.  In 
order  that  the  results  may  have  chemical  significance,  we  express  them 
in  terms  of  the  conducting  power  of  one  gram-eqmvalent  of  the  com- 
pound dissolved  in  water  and  placed  in  a  narrow  cell  whose  oppoate 
walls,  of  great  area  and  situated  one  centimeter  apart,  form  the 
electrodes.  Since  the  water  is  a  nonconductor,  the  conducting  power 
of  the  solution  intervening  between  the  plates  is  a  measure  of  the 
capacity  of  the  dissolved  substance  for  facilitating  the  discharge 
between  the  poles. 

Applications:  To  the  Interpretation  of  Conducttmty 
Meaaurementa.  —  We  have  seen  that  when  the  solution  of  an 
ionogen  is  diluted,  the  proportion  of  ions  to  undissociated  molecules 
increases,  while  removal  of  a  part  of  the  solvent  has  the  opposite 
effect  (p.  358).    Now,  a  change  in  the  number  of  ions  naturally 
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modifies  the  capacity  of  the  liquid  for  carrying  electricity,  bo  that 
observation  of  the  changes  in  the  conductivity  of  a  solution,  when 
the  concentration  is  altered,  supplies  the  simplest  means  of  studying 
the  phenomena  of  ionization. 

A  glass  trough  and  amperemeter  *  (Fig.  106)  may  be  used  to  illus- 
trate this  principle.  The  electrodes  are  long  strips  of  copper  foil, 
which  pass  down  at  the  ends  of  the  trough  and  are  situated,  not  one 
centimeter,  but  ten  or  fifteen  centimeters  apart,  in  order  that  the 


contents  of  the  vessel  may  be  more  eaaly  seen.  After  placing  the  two 
instruments  in  circuit  with  a  source  of  electricity,  we  first  pour  very 
pure  water  into  the  cell.  With  this  arrangement,  the  ampere- 
meter does  not  indicate  the  passage  of  any  current  of  electricity. 
Concentrated  (36  per  cent)  hydrochloric  acid  is  next  cautiously 
added  through  a  long-stemmed  dropping  funnel,  so  that  it  forms  a 
shallow  layer  below  the  water.  The  Mtuation  at  this  stage  is  that  a 
definite  amount  of  hydrogen  chloride  dissolved  in  a  sttwU  amount  of 
water  fills  what  was  before  a  nonconducting  gap  in  the  electric  circuit. 
The  deflection  of  the  needle  in  the  amperemeter  indicates  that  a 
certain  current  of  electricity  is  able  to  pass  through  this  acid.  When 
we  now  stir  the  surface  of  the  acid  very  gently  with  a  thin  glass  rod, 
the  amperemeter  mstantly  responds,  showing  an  increase  in  conduc- 
tivity. As  we  stir,  the  conductivity  increases,  and  the  increase  ceases 
only  when  the  liquid  has  become  homogeneous.    Introduction  of  an 

*  For  tliese  experiments  an  amperemeter  of  low  reebtance,  0.5-1  ohm,  mugt 
be  used,  and  a  battery  of  one  or  two  aocumulator  cells  is  euffioient. 
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additional  supply  of  water  will  improve  the  conductivity  still  more, 
but  the  effect  becomes  less  and  less,  until  no  change  on  further 
dilution  is  perceptible.  Reasoning  atx>ut  these  effects,  we  percdve 
that  the  amourU  of  hydrochloric  acid  has  not  iJtered  during  the 
experiment.  Yet  the  quantity  of  conducting  material  betwe^i  tbe 
electrodes  must  have  become  greater,  for  the  carrying  power  of 
the  whole  has  improved.  We  were  therefore  observing  the  progress 
of  a  chemical  change  of  the  nonconducting  hydrogen  chloride  into 
conducting  materials.  Hydrogen  chloride  molecules  do  not  carry 
electricity  (p.  211),  but  the  hydrogen  and  the  chloride  ions,  into 
which  they  were  gmdually  altered  by  chemical  change  during  the  stir- 
ring, do  carry  electricity.  Furthermore,  the  change  practically  ceased 
at  great  dilution,  for  the  dissociation  into  ions  was  then  practically 
complete.  If  we  could  conveiaiently  have  started  with  only  liquefied, 
dry  hydrogen  chloride  in  the  cell,  we  should  have  observed  the  whole 
range  of  changes  from  zero  to  tbe  maximum. 

When  a  saturated  solution  of  cupric  chloride  is  used  instead  of  the 
hydrochloric  acid,  (glutton  is  accompanied  by  a  similar  improvement 
in  conductivity.  Here  we  notice,  be^des,  that  the  yellowish-green 
liquid  with  which  we  start  changes  to  a  pale  blue,  as  the  molecules  of 
cupric  chloride  are  dissodated  and  the  color  of  the  solution  becomes 
more  exclusively  that  of  the  copper  ions.  When  the  solution  has 
become  perfectly  blue,  further  dilution  is  seen  to  affect  the  conduo- 
tivity  but  slightly. 

The  approach  to  a  maximum  of  conductivity  reached  in  these  two 
cases  int^cates  that  practically  the  whole  of  the  material  has  assumed 
the  ionic  form.  Theoretically  tbe  absolute  maximum  would  be 
reached  at  infinite  dilution.  The  conductivity  of  the  same  amount  of 
substance  in  more  limited  dilution  is  that  of  the  proportion  of  ions 
corresponding  to  this  dilution,  since  the  complete  molecules,  still 
present,  are  without  influence  on  conductivity.  Thus  the  ratio  of  the 
conductivity  at  a  given  i^lution  to  the  maximum  conductivity  ia  equal 
to  the  proportion  of  the  whole  material  ionized  at  the  given  dilution. 
From  a  series  of  measurements  for  a  fixed  amount  of  a  substance  at 
different  dilutions,  after  the  results  have  been  plotted,  we  can  usually 
(see,  however,  below)  ascertain  the  limiting,  maximum  conductivity 
by  graphic  eictrapolation.  If  X.  is  the  conductivity  of  an  equivalent  of 
the  substance  dissolved  in  u  liters  of  water,  and  X^  the  conductivity 
of  tbe  same  amount  at  infinite  dilution,  then  X,/X,  is  tbe  proportion  of 
molecules  completely  ionized  in  the  former  solutioD.  X*  is  called 
the  equlnlant  oonduotivltT  at  the  dilution  v. 
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The  followii^  numberB  ebow  the  equivalent  conduotiviiies  at  18^ 
(A  solutJoDfl  of  four  different  substances,  expressed  in  the  umt«  always 
employed  for  the  purpose  (which  are  reciprocal  ohms).  The  symbols 
Vii  meaiuDg  1  equivalent  in  0.1 1.;  Xi,  meaning  1  equival^it  in  1 1.; 
and  so  forth,  denote  the  concentrations. 


X.., 

X| 

X- 

X. 

(c3o.J 

Hydrochloric  acid     .   .   . 

Sodium  ac«tai« 

Acetic  acid 

04.4 

301.0 
74.4 
41.2 
1.32 

361-0 
92.5 
61.1 
'  4.6 

370.0 
103.0 
70.2 
14.3 

384 

110 

78 

(362) 

It  will  be  seen  from  inspection  of  these  figures  that  in  the  case  of 
the  first  three  substances,  the  conductivity  does  not  improve  much 
when  a  solution  containii^  one  equivalent  in  10 1.  is  diluted  ten  times, 
and  that  further  dilutions,  no  matter  how  extensive,  produce  a  still 
smaller  effect.  The  case  of  acetic  aad  reqiures  separate  conmderation 
(see  next  section). 

Thus,  measurements  of  conductivily  enable  us  to  study  the  ionic 
deoompo»tion  of  all  ion(^ns,  and  to  state  accurately  the  fraction 
ionized,  at  each  concentration,  in  solutions  of  every  ionogen.  This 
information  is  obviously  most  valuable,  for  it  places  us  in  a  position 
to  know  the  exact  constitution  of  every  solution  we  use  in  the  labora- 
tory. In  the  next  section  but  one  the  data  on  which  such  knowledge 
can  be  based  is  ^ven.  In  the  following  chapter  the  mode  oi  applying 
tbe  data  is  expluned. 

The  Case  cf  a  IXttte-IonUed  SubBtance.  —  Acetic  add,  a 
feebly  ionized  substance,  as  the  table  shows,  conducts  very  badly  in 
concentrated  solution  and,  while  the  conductivity  improves  with  dilu- 
tion, it  is  not  possible  experimentally  to  observe  any  approach  to  the 
maximum  conductivity.  The  conductivity,  in  cases  like  this,  is  still 
far  removed  from  the  maximum  at  dilutions  at  which,  with  other  sub- 
stances, the  maximum  is  nearly  attained. 

In  cases  Uke  that  of  acetic  acid,  tbe  conductivity  at  infinite  dilu- 
ticai  cannot  be  estimated  by  extrapolation.  But  fortunately  another 
method  is  available.  The  values  384,  1 10,  and  78  for  X.  in  the  cases 
of  the  first  three  substances  can  be  reached  by  extrapolation,  and  rep- 
resent the  conducting  powers  of  equal  numbers  of  ions,  for  there  are 
equal  numbers  of  equivalents  present  and  no  molecules  rem^n  un-ion- 
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ized.  These  values  are  unequal  solely  becauae  of  the  differing  speeds 
of  the  ions  concerned.  Each  of  them  derives  its  value  from  Dumbers 
representing  the  relative  speeds  of  the  two  ions  present,  and  must  be 
the  sum  of  these  two  numbers.  If,  therefore,  we  measure  the  rd&tive 
speeds  of  the  two  ions  {p.  347)  of  one  of  the  substances,  we  can  divide 
the  value  of  X.  in  this  proportion  and  learn  the  part  which  each  ion 
contributes  to  the  total.  Dividing  384  in  this  way  we  get  the  speed 
of  H+  =  318  wid  of  a~  =  65.9  ab-eady  given  (p.  347).  Dividing  X„ 
for  sodium  acetate  (78),  similarly,  we  get  the  speeds  Na"*"  =  44,4  and 
COsCH,"  =  33.7.  The  speeds  of  CI"  and  Na+  together  (65.9  + 
44.4  =  110.3)  must  then  equal  X,  for  NaCl  and,  as  we  see,  they  do. 
Similarly,  the  speeds  of  H+  and  COjCH,-  together  (318  +  33.7  = 
351.7)  must  equal  X_  for  HCOiCH*,  although  we  cannot  observe  the 
latter  directly.  This  method  can  be  applied  to  all  of  the  less  highly 
ionized  acids  and  bases,  for  their  sodium  and  potassium  sedts  belong 
invariably  to  the  class  of  substances  which  are  most  ionized,  and  for 
which,  therefore,  X„  can  be  determined  accurately  by  extrapolation. 

Cotnpontion  of  SoluHons  of  lonagenai   Fractions  Ionised. 

—  The  rule,  degree  of  ionization  =  X,/X^  (p.  364),  enables  us  to  cal- 
culate the  value  for  any  dilution,  when  the  necessary  data  are  given. 
We  need  only  the  values  of  the  conductivity  (X,)  for  different  dilutions 
(p.  365)  and  those  of  the  relative  speeds  of  each  kind  of  ions  expressed 
in  the  same  units.     The  latter,  when  added,  give  X_. 

Thus,  hydrogen  chloride  in  a  solution  containing  1  equivalent  in 
0.1 1.  (365  g.  per  liter),  which  would  be  a  rather  concentrated  hydto- 
chloric  acid,  shows  the  fraction  ionized  ^,  or  0.168  (=  16.8  per 
cent).  Normal  hydrochloric  acid  is  ionized  to  the  extent  of  ^,  or 
0.784;  normal  so<Uum  chloride,  ^,  or  0.676;  normal  acetic  add, 
^,0.004  (=0.4  per  cent). 

The  dilute  acidi  used  in  the  laboratory  are  generally  of  six  times 
normal  (6JV)  concentration.  But,  often,  we  add  only  a  drop  or 
two  to  a  large  bulk  of  liquid,  so  that  the  acids  are  commonly  very 
dilute  as  actually  employed.  The  solutions  of  salts  are  of  different 
strengths,  but  the  great  majority  are  of  normal  (N),  or  even  sm^er 
concentrations.  In  practice  they,  also,  are  still  further  consider- 
ably diluted  before  use.  If,  therefore,  we  give  tho  fracUona  loniMd 
(total  molecules  of  ionogen  =  1)  In  dvdnoinial  solutioiis  (except 
where  otherwise  specified),  the  reader  will  be  able  to  estimate  roughly 
the  proportion  of  each  kind  of  ions  in  any  application  of  the  reagent. 
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Itt  tJie  case  of  adds  cont^niiig  more  than  one  displaceable  hydrogen 
unit,  the  kind  of  ionization  on  which  the  figure  is  based  is  indicated  by 
a  period.  Thus  H.HCOj  means  that  the  whole  of  tbe  ionizatioD  ia 
assumed  to  be  into  H'*'  and  HCOi~. 

FRACTION  IONIZED  INO-IAT  SOLUTIONS  AT  18° 


Nitric  add 

0.92 

Carbonic  add  (JV/26)     .    . 

0.0021 

Nitric  acid  Cconc.,  «2%)     .   . 

0.09 

Hydrogen  Hulphide,  H.HS 

0.0007 

Hydrochloric  add 

0.92 

Boric  acid,  H.H.BO,       .   . 

0.0001 

0.13 

Hydrocyanic  acid    .... 

0-0001 

0.61 

Permanganic  add  (JV/2)    , 

0.93 

Bulphimc  acid  (cone,  95%)  . 

0.01 

Hydriodic  add  (Ar/2)     .   . 

0.90 

Hydrofluoric  acid 

0.15 

Hydrobromic  add  CAf/2)    . 

0.90 

Oxalic  acid,  H.HCO,     .    .   . 

0.50 

0.88 

iartanc  acid,  a.ni    .... 

0.08 

Chloric  acid  (^72)      .    .   . 

0.88 

Acetic  add  CAO 

0.004 

HypocMorouB  add      .    .    . 

0.0002 

AceUcacid 

0.013 

Fhoflphoric  add,  H.H.PO4 

0.27 

CaitxHiio  acid,  H.HCO,     .   . 

0.0017 

WatM- 

0.0.1 

Potaaaium  hydroxidB      .    .   .  0.91 

Sodium  hydroxide 0.91 

Barium  hydroxide 0.77 

lithium  hydroxide  (^)      .   .  0.63 
Tetramethylammomum     hy- 
droxide (W/16)     0.96 


Pota^um  chloride 
PotaBBium  nitrate    . 


Potaraium  sulphate 
Potassium  c^bonate 
Potasnum  dilorale 
Ammonium  chloride 
Sodium  chloride  (N) 
Sodium  chloride  {N/2) 
Sodium  chloride  . 
Sodium  nitrate 
Sodium  acetate    . 
Sodium  sulphate 


Bases 

Ammonium  hydroxide    .    .   .  0.013 

Strontium  hydroxide  (N/M)  0.03 

Barium  hydroxide  (A^/64)     .  0.92 

Calchim  hydroxide  (iV/64)    .  0.90 

Silver  hydroxide  (iV/1783)     .  0,39 

Wator 0.0,1 

Samb 

Sodium  bicarbonate, 

Na.HCO,      0.78 

Sodium  phosphate,  Na..HPOi  0 .  73 

Sodium  tartrate 0.60 

Barium  chloride      0.77 

Calcium  sulphate  (N/100)     .  0.64 

Cupric  sulphate 0.39 

Silvernitxate 0.81 

Zinc  sulphate 0.40 

Zinc  chloride 0.73 

Mercuric  chloride        .   ,   .    {<0.01) 

Mercuric  cyanide Minute 
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In  addition  to  thdr  use  in  showing  the  nature  of  the  reagents 
employed  in  the  laboratory  (p.  365),  Umm  numlMni  ihow  also  to 
what  axtant  loy  pair  of  Ionic  nibBtaiuiaa  will  units  whon  mind  (see 
pp.  377,  380-382),  and  they  Ukewise  indicate  the  chemical  activity  of 
the  ionogens  when  in  solution  (see  next  aection). 

Miaapprehenaon  eaoly  arises  in  r^ard  to  the  uferencee  that  may  be  drawn 
from  a  coaductivity  value.  A  sbgle  eiidi  value,  say  that  for  salt  at  10 1.  dilution 
(92.6),  pves  ao  information  about  the  extent  d  ioni^tion.  We  must  have  the 
value  at  infinite  dilution  as  well,  that  ia,  we  roust  have  the  other  term  of  ibe  ratio 
oorreeponding  to  complete  ionization,  before  the  proportion  of  the  moleculee 
ioniied  at  the  10 1.  dilution  c&n  be  known.  Further,  we  must  have  the  values  of 
both  for  the  same  salt,  at  the  same  temperature  and  in  the  same  solvent,  for  the 
values  at  all  dilutions  change  markedly  when  any  one  of  these  conditions  is 
altwed.  Thus  the  conductivity  of  normal  sodium  chloride  solution  at  50°  is  120, 
and  is  therefore  actually  greater  than  at  18°  when  the  dilution  is  infioiUi.  But 
at  50°  the  conductivity  at  infinite  dilution  is  185,  so  that  at  this  temperature  the 
degree  of  ionization  is  iH  or  0.6S,  about  the  same  as  at  18*.  On  the  other  haind, 
when  a  little  alcohol  is  added  to  the  aqueous  solution,  the  conductivities  all 
diroinish.  But  that  at  infinite  dilution  diminishes  also,  so  that  the  proportion  of 
the  materisl  ioniied  does  not  seem  to  be  greatly  affected.  The  chief  efiect  cf 
raising  the  temperature  is  simply  to  diminish  the  friction  oppoeiag  the  motion  of 
the  ions  and,  therefore,  to  increase  the  conductivity.  The  change  is  about  2  p^ 
cent  for  each  degree.  Addition  of  alcohol,  on  the  other  hand,  increases  the  friction 
and  diminiahefl  the  conductivity.  There  is,  however,  a  real,  though  usually 
smaller,  ohange  in  the  degree  of  ioniiation  with  change  in  temperature.  When 
the  temperature  is  raised,  the  fraction  ionized  increases  or  diminishee  according 
as  the  heat  of  ioniiation  is  negative  or  positive  ((^,  p.  305),  and  conversely  wh«i 
the  temperature  ia  lowered. 

Degree  of  lonixation  of  Water,  —  If  we  consider  a  liter  of 
water  as  a  normal  solution  in  which  18  g.  (one  mole)  represents  the 
solute  and  the  rest  stands  for  the  solvent,  the  conductivity  for  complete 
ionizotion  into  H+  and  0H~  would  be  318  +  174  =  492.  The  actual 
ionization  is  one  ten-millionth  part  of  this.  In  other  words,  there  ia 
only  one  ten-millionth  of  1  g.  of  hydrogen-ion  and  the  same  fraction  of 
17  g.  of  hydroxide-ion  in  a  liter  of  water.  A  column  of  water  1  cm. 
long  (18°)  conducts  less  well  than  a  column  of  mercury  of  equal  cross- 
aection  and  over  1,700,000  miles  in  length. 

With  some  substances,  as  the  temperature  is  continuously  nused, 
the  fraction  ionized  increases  to  a  maximum  and  then  diminishes. 
With  water,  the  maximum  is  reached  at  229°  (Arrhenius)  or  250-275" 
(A.  A.  Noyee).    Ammonium  hydroxide  and  acetic  acid  also  exliibit 
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amilar  maxima.  Id  these  caeee,  the  heat  of  iooiBation  changes  ita 
aga,  beii^  at  first  negative,  and,  beyond  the  maxiatum,  positive  (qf. 
p.  305). 

RelatUm  <>$  /onfsoCion  to  ChemXcal  Activity.  —  These  tables 
may  be  used  for  reference.  The  import  of  the  following  genera] 
statements,  drawn  from  the  tables,  should  be  memorized: 

1.  Salts,  with  the  e^iception  of  those  of  mercury,  are  all  well 
ionised.  In  actions  involving  their  ions,  salts  are  therefore  all  of 
Uw  lam*  ord«r  of  actlvlt;,  for  a  dilute  solution  of  every  salt  contains 
a  large  amount  of  the  ionic  components. 

Occasionally,  the  diaor»no«B  In  tho  dagroM  ta  lonlutlott  of  salts 
have  to  be  considered.  The  rul«  Is  strnplQ.  Salts  with  two  univalent 
radicals  are  the  most  highly  ionized  (e.g.,  KCl  86  per  cent,  KNOi  S3 
per  cent).  Those  with  one  bivalent . radical  are  less  ignized  {e.g., 
K.SO4  72  per  cent,  KsCO»  71  per  cent).  Those  with  two  bivalent 
radicals  are  still  less  ionized  (e.g.,  CUSO4  39  per  cent,  ZnSO*  40  per 
cent).  Those  containing  one  trivalent  radical  are  less  ionized  than 
are  those  with  one  bivalent  radical. 

2.  Adds  show  the  most  extreme  differences  in  their  degrees  of 
ionization.  That  is  to  say  their  solutions  must  contain  very  differ- 
ent concentrations  of  hydrogen-ion.  Since  their  activity  as  acids 
depends  on  this  substance  (p.  340),  and  the  activity  of  a  substance 
is  proportional  to  its  concentration  (p.  292),  it  follows  that  acids 
wUl  show  TCOT  STMt  dlSorsncos  in  qipannt  chemical  aotiTl^.  At 
this  point,  therefore,  we  emerge  from  semi-physical  discusMon  of 
the  subject  and  reach  something  of  definite,  practical  application 
in  chemical  work. 

The  data  show  that  acids  may  be  divided  roi^hly  into  four 
elMses  with  different  degrees  of  acidic  activity; 

(a)  The  ionization  in  decinormal  solution  exceeds  70  per  cent; 
e.g.,  nitric  acid  and  hydrochloric  acid.  These  are  the  acids  which 
are  chemically  most  active,  for  their  solutions  cont^n  relatively 
h^h  concentrations  of  hydrogen-ion. 

(6)  The  ionization  is  between  70  and  10  per  cent;  e.g.,  sulphuric 
.add  and  phosphoric  acid.  These  acids  are  noticeably  less  active, 
for  their  solutions  contain  lower  concentrations  of  hydrogen-ion. 

(c)  The  ionization  is  between  10  and  1  per  cent;  e.g.,  acetic  acid. 
These  are  the  weaker  acids,  for  their  solutions  contain  very  small 
ooDcentrations  of  hydrc^en-ion. 

(d)  Ttte  ionization  is  less  than  I  per  cent;  e.g.,  carbonic  and 
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boric  acids.    These  are  the  feeble  acids,  for  their  solutions  contaia 
only  minute  concentrations  of  hydrogen-ion. 

3.  The  buM  show  two  dauM: 

(a)  Ionization  high;  e.g.,  potassium  hydroxide.  These  bases 
are  active,  for  their  solutions  contain  high  concentrations  of  hydrox- 
ide-ion. 

(b)  Ionization  less  than  2  per  cent;  e.g.,  ammonium  hydrcnnde. 
These  bases  are  weak  on  account  of  the  low  concentration  of  hy- 
droxide-ion. 

4.  WatoT  is  less  ionized  than  any  other  aubstance  in  the  list.  It 
shows  therefore,  as  we  already  know,  usually  httle  or  no  interaction 
with  acids,  bases,  or  salts,  and  hence  is  valuable  as  a  solvent  for 
these  substances.  Its  ions  are  H+  and  OH",  and  it  is  thus  as  much 
an  acid  as  a  base. 

ExertAsea. —  1.  With  solutions  of  the  following  substances, 
state,  (a)  what  will  be  the  products  of  electrolysis,  (6)  whether  each 
is  primary  or  secondary,  and  (c)  how  they  may  be  isolated  in  each 
case:  Potaasium  chlorate,  potassium  iodide,  potassium  iodate,  silver 
sulphate,  sodium  peroxide,  sodium  fluoride. 

2.  Make  equations  (p.  358)  showing  the  ionic  and  molecular 
materials  in  solutions  of  potassium  bromide,  potassium  bromate, 
sodium  periodate,  aluminium  ctJoride,  zinc  sulphate.  Mark  the 
charges  on  the  ions  and  give  the  name  of  each  ionic  substance  (p. 
356). 

3.  Prepare  lists  of  other  anions  and  cations  which  have  been 
encountered,  giving  the  formula  and  number  of  phai^es  of  eleo- 
tricity  in  each  case. 

4.  How  many  coulombs  are  carried  by  or  will  depo«t:  20  g.  of 
ffllver,  15  g.  of  antimony,  30  g,  of  chlorine,  60  g.  phosphate-ion  (PO^)? 

5.  What  current  strength  (in  amperes)  is  required  to  deposit: 
20  g.  of  diver  in  an  hour,  100  g.  of  iodine  in  5  minutes,  60  g.  of  anti- 
mony in  3  hours? 

6.  What  is  the  percentage  of  molecules  ionized  in:  detn-^ionnal 
(iV/10)  sodium  chloride,  centi-normal  (JV/100)  acetic  acid,  centi- 
normal  hydrochloric  acid  (p.  365)7 

7.  If  I  c.c.  of  dilute  hydrochloric  acid  {6JV)  is  added  to  30  c.c. 
of  an  aqueous  solution,  what  is  the  reacting  concentration  of  the  acid? 

S.  Classify  all  the  acids  in  the  table  (p.  367)  according  to  the 
four  classes  (p.  369). 

9.  Two  troughs,  one  4  inches  long  and  the  other  a  mile  long,  are 
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filled  with  cupric  sulphate  solution,  and  a  plate  of  copper  with  a  wire 
connection  is  inserted  at  each  end  of  each  troi^h.  The  pairs  of 
plates  are  connected  simylianeausly  with  a  battery  or  dynamo.  If 
there  is  any  difference,  in  which  cell  will  the  deposit  of  copper  on  the 
electrode  appear  first,  and  about  bow  long  wiU  be  the  time  required 
for  its  appearance  in  the  other  cell? 
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CHAPTER  XIX 
lOmO  8UB8TANCB8  AND  THXIK  INTIUCTI0N8 

Before  con^dering  the  typical  interactions  of  iooogens  in  solu- 
tion, we  must  have  a  clear  conception  of  the  peculiarities  of  these 
bodies  which  are  likely  to  affect  their  behavior.  The  facts  on  which 
such  a  conception  must  be  based  have  been  ^ven  in  preceding 
chapters,  and  all  that  is  now  necessary  is  to  collect  and  apply  these 
facts. 

In  this  discussion,  after  enumerating  the  nrious  Undi  oS  ionic 
fubatanoM,  it  must  be  made  clear  that  aqueous  solutions  of  ionogens 
are  mlzturM  cont^ning  several  solutes.  We  then  consider  the 
ralattona  ot  tiu  lonlo  and  tlw  nudacular  8UlMtaac««,  In  •qulllbiluin, 
when  a  dngls  lonogon  is  present.  It  must  also  be  shown  that  each 
kind  of  ions  is  a  dlstinot  lubstano*  with  individual  pbytical  and 
..hfiwiwi^  pTDpertiM.  Next,  salts  being  used  for  illustration,  the 
oommuiwt  kind  of  Intnaotiim,  double  dMompodUon  between  iono- 
gens, will  be  discussed.  In  this  connection  precipitation  brings  up 
the  peculiar  state  of  equilibrium  between  the  undissolved  solute 
and  the  complex  ot  molecules  and  ioni  in  eolation.  The  interaction 
of  acids  and  bases  (neutralisation)  then  follows.  Weak  adds  and 
bases  and  liTdroljBis  of  salts  are  next  discussed.  Finally,  the  five 
vadetleB  of  ionic  chemical  change  are  given,  and  the  practical  impor- 
tance of  actions  in  which  ions  play  no  part  is  emphasized. 

The  discussion  of  systems  in  equilibrium  in  the  present  chapter 
will  be  almost  purely  qualitative.  The  quantitative  consideration 
of  ionic  equilibria  (c/.  p.  359)  is  postponed  until  the  study  of  the 
metals  and  their  compounds  is  taken  up  (see  Chap.  XXXIV). 

The  Classes  of  Ionogens.  —  Adds  are  classified  according  to 
the  number  of  replaceable  hydre^en  units  in  their  molecules. 
Thus  chloric  acid  HClOg  is  a  monobade  add,  sulphuric  acid 
HtS04,  a  dibadc  add  and  phosphoric  acid  HiPO*  a  taribasic  add. 
These  terms  relate  to  the  fact  that,  in  neutralization  (see  p.  386) 
the  acids  interact  with  one,  two,  or  three  molecules  of  a  base  like 
sodium  hydroxide. 

372 
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Bmm  are  named  in  a  sinular  way:  aodium  hydroxide  NaOH  is  a 
monoadd  b«M,  ealcium  bydroidde  Ca(OH)t  is  a  dlaoid  Imm. 

Salts  like  KCt  and  NaiCOt  are  neutral  (see  acid  salts,  below)  or 
normal  aalta,  and  NaKCOj  and  Ca(OCl)Cl  (bleaching  powder)  are 
mlied  Baits. 

The  most  interesting  classes  of  mixed  ealta  are  the  acid  ulta 
(p.  215)  and  the  baslo  salts.  In  acid  ealta,  like  NaHSO*  (p.  206)  uid 
NaHrP04  (p-  207),  all  the  hydn^en  of  the  acid  has  not  been  replaced 
by  a  metal.  In  basic  saJta,  Uke  Ca(OH)Cl,  part  of  the  basic  hydroxyl 
remains. 

All  these  substances  are  ionogens  (p.  355).  The  mixed  salts  are, 
naturally,  dissociated  into  more  than  two  ionic  substances.  For  a 
fuller  discussion  of  these  and  other  salts  see  pp.  400-402. 

Ionic  Substances  Furnished  by  Adds.  —  The  mode  of  nam- 
ing ionic  substances  has  already  been  ^ven  (p.  356). 

Adds,  e.g.,  HCI,  H1SO4,  when  dissolved  in  water,  all  furnish 
hydrogen-ion  H"*"  and  a  negative  ionic  substance  (anion),  e.g.,  CI", 
SO*'.  The  solutions  differ  from  th<»e  of  salts  in  the  constant  pres- 
ence of  hydrogen-ion,  and  in  the  absence  of  any  other  poi^tive  ion. 

^drogan-lon  H"*^  is  a  colorless  substance.  It  is  sour  in  taste, 
and  its  presence  is  recognized  by  the  fact  that  it  .turns  blue  litmus 
red  (see  Indicators,  p.  391).  These  properties  serve  as  tstts  for 
acids,  as  they  are  not  commonly  interfered  with  by  other  substances 
which  may  be  present.  Hydrogen-ion  is  univalent  and,  when 
combined  with  negative  radicals  of  salts,  ^ves  the  (molecular)  acids. 
The  activity  of  acids  depends  upon  the  concentration  of  the  hydrogen- 
ion  they  furnish  (p.  369),  and  therefore  upon  their  solubility  and 
the  degree  of  ionization  of  the  dissolved  molecules.  Some  furnish 
so  httle  hydrogen-ion  that  th^r  action  on  litmus  can  hardly  be 
detected. 

The  substances  of  tbe  compodtioD  HCI,  H1SO4,  and  so  forth, 
are  commonly  called  adds.  But  it  is  only  when  they  have  been 
dissolved  in  water,  or  some  other  ionizing  solvent,  that  they  show 
tbe  properties  characteristic  of  acids.  In  fact,  there  is  onlr  ono  add, 
brdrofsn-lon  H^,  although  the  substances  which  give  it  by  dissocia- 
tion are  many.  The  parent  subatanccs  are  salts  of  hTdrogen,  in 
which  the  element  hydrogen  plays  the  part  of  a  metallic  element. 

tonic  Substances  Furnished  by  Bases.  —  BasM,  eg,,  KOH, 
NH4OH,  Zn(OH)i,  all  fumiah  hydroxide-ion  0H~  and  some  poedtive 
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ionic  substance  (cation),  K"*",  NH*'^,  Zn"*^.  Their  solutions  differ 
from  tliose  of  salts  in  the  constant  presence  of  hydroxide-ion  and 
in  the  absence  of  any  other  anion.  The  more  active  bases,  that  is, 
those  which  are  soluble  and  highly  dissociated,  so  that  they  gjve  a 
tugh  concentratioii  of  hydroxide-ion,  are  called  olkaliM.  Such  are 
potassium  and  sodium  hydroxides.  They  are  often  named  caustic 
alkalies  and,  individually,  caustic  potash  and  caustic  soda.  The 
solutions  are  called  lyee. 

^drozld»-lon  0H~  is  a  colorless  substance.  Properties  which 
serve  as  t«Bt>  for  bases  are  that  hydroxide-ion  possesses  a  soapy 
taste  and  turns  red  litmus  blue  (see  Indicators,  p.  391).  It  is  uni- 
valent, and  combines  with  positive  radicals  to  form  (molecular)  bases. 

The  common  bases,  with  the  exception  of  the  hydroxides  of 
potassium,  sodium,  barium,  strontium,  calcium,  and  ammonium,  are 
but  slightly  soluble  in  water.  Hence,  zinc  hydroxide,  for  example, 
although  it  dissolves  sufficiently  to  enable  chemical  action  to  take 
place  slowly,  does  not  give  enough  hydroxide^on  at  one  time  to  affect 
litmus  paper,  Magnedum  hydroxide  and  lead  hydroxide  turn  red 
litmus  paper  blue  with  difficulty.  Doubtless  the  few  molecules  that 
do  dissolve  are  almost  all  ionized: 

Mg(OH),  (solid)  s=f  Mg(OH),  (dslvd)  t?  Mg-*+^  20H- 

but  all  the  dissolved  materials  put  together  (0.01  g.  per  1.)  will  scarcely 
be  weighable  unless  a  considerable  volume  of  the  solution  is  evap- 
orated. 

Substances  Uke  potassium  hydroxide,  ammonium  hydroxide 
NH4OH,  and  zinc  hydroxide  Zn(OH)i,  are  commonly  called  bases. 
But  it  is  only  in  their  aqueous  solutions  that  the  basic  properties 
appear.  There  is  only  oii«  buo,  namely,  hjdrozldtt-loti  0H~,  and 
these  substances  are  simply  the  source  of  it.  The  parent  substances 
are  salts  of  some  metallic  element,  or  group  playii^  the  part  of  a 
metallic  element  (e.g.,  NH4),  in  which  hydroxyl  is  the  negative  radical. 

The  name  "base"  was  ori^nally  applied  to  the  non-volatile,  and  tberefora 
seemingly  more  fundamental  part  of  a  salt  that  remained  behind  when  the  aalt 
was  heated.  Usiially  the  negative  radical  is  diuntegrated,  as  in  heating  calcium 
carbonate;  CaCO,  —t  CaO  +  CO,  t  ■  But,  as  a  matter  of  fact,  it  is  generally 
the  oxide  and  not  the  hydroride  of  the  metal  that  remwis.  Still,  the  oxide,  for- 
merly named  the  base,  often  readily  gives  the  hydroxide  (cf.  p.  149)  to  which  the 
term  "base"  is  now  applied,  and  behaves  Mmiluly  to  it  in  many  interactions 
(q^.  p.  213). 
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Ionic  Substances  FurnUhed  by  Salts.  —  Salts  furnish  posi- 
tive and  negative  ionic  substances,  which  may  be  either  simple 
or  composite,  Na.CI,  Na.NO,,  NH4.CI,  NH^.NO,.  Some  ionic  sub- 
stances are  colored,  Cu"*^  (cupric-lon)  blue,  Cr"*"*^  reddish-violet, 
Co'^  pink,  MnO*™  (permanganate-ion)  purple,  Ci^07'*  (dichromate- 
ion)  orange,  but  most  of  them  are  colorless,  K"*",  Na+,  Zn"*^,  CI", 
I~,  NC^~,  SOr.  They  vary  in  taste,  some  being  salt,  some  astrit^ent, 
some  bitter.  They  carry  electricity,  but  relatively  leas  well  than 
do  hydrogen-ion  and  hydroxide-ion,  on  account  of  their  slower 
migratioh.  The  ionic  materials  characteristic  of  salts  do  not  effect 
litmus,  and  individual  teit>  are  required  for  each.  Usually  we  add 
some  other  ionic  substance,  with  which  the  ion  thought  to  be  present 
combines  to  form  an  insoluble,  molecular  substance  of  known  color, 
or  appearance,  and  examine  the  precipitate  if  any  appears.  Thus, 
when  the  presence  of  chloride-ion  Cl~  is  suspected,  we  may  add  a 
solution  containing  silver-ion  Ag^,  expecting  to  obtain  a  precipitate 
of  silver  chloride  A^l  (Cl~  -|-  Ag*  — *  AgCl  J, ).  In  dilute  solutions 
of  satis,  the  ions  are  almost  always  numerous  in  comparison  with 
the  molecules  (p.  369),  so  that  salts  are  practically  all  aetive  and 
their  solutions  almost  always  respond  readily  to  the  tests  for  the  ions 
they  contain.  The  art  of  detecting  the  various  ionic  substances 
present  in  a  solution  constitutes  a  lai^  part  of  the  branch  of  chem- 
istry called  qualitative  analysis  {see  below). 

All  the  known  ionic  substances  are  found  in  solutions  of  salts. 
The  only  ions  which  are  not  characteristic  of  salts,  although  some- 
times occurring  in  their  solutions  (see  acid  and  ba^c  salts,  above), 
are  hydrogen-ion  H+,  and  hydroxide-ion  0H~. 

It  will  assist  the  reader  if  the  following  facts  are  kept  in  mind. 
The  elements  which  can  form  a  simple  jxtsitive  ion  are  the  metallle 
elements(p.  214,  and  see  Chaps.  XXII  and  XXXII).  Hon-metalllo 
Clements,  like  nitr{^en,  may  be  present  in  a  porative  ion,  as  in  NHi^, 
but  never  exclusively.  In  other  words,  we  know  no  such  substances 
as  nitrogen  sulphate,  or  carbon  nitrate.  Conversely,  the  metals  are 
frequently  found  in  the  negative  ion,  but  never  constitute  it  exclu- 
avely.  They  are  then  usually  associated  with  oxygen,  as  in  Mn04'', 
and  CrjOi". 

Solutions  ef  lonogens  are  Mixtures,  in  which  Each  Kind 
of  Ion  Acts  Independently.  —  We  are  accustomed  to  regard  a 
bottle  of  sodium  chloride  solution  as  containing  but  one  thing,  aade 
from  tile  water.    We  must  now  think  of  it  as  containing  at  loMt  three 

_   t;oosic     - 
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diaaolved  substances,  any  one  of  which  might  be  alone  responsble 
for  some  property  of  the  solution.  The  same  idea  must  accompany 
our  ute  of  every  solution  of  an  iont^n. 

Numberless  facta  show  that  each  kind  of  ion,  for  example  cupri<>4on, 
has  an  individual  set  of  physical  and  chemical  properties  and  behaves 
in  many  ways  as  if  alone  present  in  the  Bolution,  We  shall  meet  with 
much  evidence  of  this  in  the  sequel.  Some  facte  tendii^  to  prove  it, 
that  have  already  been  given,  may  be  recalled  {cf.  p.  339), 

If,  in  comparing  the  migration  speeds  of  any  element,  say  copper, 
in  different  salts  (p.  345),  they  were  the  motions  of  substalicea  like 
Cu(NOj)t,  CuBrt,  CuSOt,  that  we  were  comparing,  all  analogy  teaches 
us  that  the  speeds  with  which  they  would  move  should  vary  widely. 
That  the  blue  color  drifts  always  at  the  same  pace  shows  that  it  is  the 
same  substance,  namely  cuprie-ion  Cu"*^,  that  we  are  observii^. 

If,  in  solutions  of  the  different  permanganates,  KMnOt,  NaMnQ*, 
Ba(MnO«)a,  and  so  forth,  the  dissolved  bodies  were  (Cerent  in  each 
case,  we  should  confidently  expect  the  purple  colors  of  the  solutions  to 
differ  markedly  in  shade.  But,  for  dilute  solutions  of  equivalent 
concentrations,  when  strict  examination  is  made,  the  tints  are  found 
to  be  absolutely  identical.  We  are  therefore  simply  comparing 
different  mixtures  all  containing  the  same  proportion  of  the  ^ame 
free,  colored  body,  MnOi~. 

In  phosphorus  pentachloride  vapor  (p.  260),  the  fully  hberated 
trichloride  and  chlorine  are  prominent  components.  Diminishing 
the  volume  of  a  fixed  amount  of  this  mixture,  by  compres^on,  throws 
more  chlorine  into  combination  and  the  total  absorption  of  blue 
light  (from  which  the  greenish-yellow  color  is  derived)  becomes  less, 
the  compounds  of  phosphorus  being  both  coloriess.  Increasing  the 
volume,  on  the  other  hand,  promotes  the  dissociation  and  increases 
the  depth  of  the  yellow  color.  The  system  of  ions  and  molecules 
in  equilibrium  in  a  solution  of  cupric  bromide  (see  below),  or  any 
other  ionogen,  behaves  in  exactly  the  same  way.  The  components 
possess  and  exhibit  individual  properties,  much  like  the  compooents 
of  a  gaseous  mixture  (p   111),  both  in  this  and  in  other  respects. 

All  solutions  of  acids  are  sour  in  taste,  irrespective  of  the  nature 
of  the  negative  ion,  while  salts  containing  the  same  negative  radical 
are  not  sour  at  all.  Hence  in  solutions  of  acids  we  are  tasUng'the 
same  free  substance,  hydrogen-ion  H*^.  Similarly,  in  solutions  of  all 
alkalies,  we  note  bhe  soapy  taste  of  hydroxide-ion  OH". 

These  illustrations  concern  phy^cal  properties.  In  the  later 
sections  we  shall  learn  that  an  ionic  material,  such  as  bromide-ion 
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or  cupric-ion,  has  specific  chemical  properties  irrespective  of  the 
nataie  of  its  concomitants. 

IONIC  BQCnjBIUUM 
The  Ionic  EquiUbrium  Involving  a  Single  lonogen.  —  In 

the  ionization  of  a  molecular  substance,  the  chemical  change  is 
incomplete  and  the  system  reaches  a  condition  of  equilibrium  (p.  358). 
The  action  is,  therefore,  reversible,  and  there  are  thus  two  routw  to 
the  w»in9  oqulUbiluin  point.  This  fact  must  not  be  foi^otten,  for 
we  have  to  consider  the  union  of  ionic  substances  even  more  often 
than  the  converse  change.  Now,  the  dagreea  of  Ionization  of  various 
ionogens  t«U  us  the  location  of  the  equihbrium  point,  and  therefore 
the  flxtmt  of  the  <^>im"<'™^i  elunga  involved  in  reaching  this  point  br 
tftber  rout«,  that  is,  either  by  the  dissociation  of  molecules  or  by  the 
union  of  ions.  In  a  class  of  interactions,  of  which  all  are  incom- 
plete, and  only  those  are  interesting  and  useful  which  approach 
completeness,  we  require  some  means  of  knowing  which  are  com- 
plete and  why  they  are  so.  The  table  of  fractions  ionized  (p.  367) 
supplies  most  of  the  required  information. 

To  illustrate,  take  the  case  of  a  ^gle  ionogen.  When  we  place 
hydrt^en  chloride  In  decinormal  solution,  0.92  of  the  molecules  dis- 
sociate. 'Conversely,  when  we  start  with  the  bydrt^n-lon  and 
chloride-ion,  say  by  mixing  two  solutions,  each  of  which  contains 
cme  of  th&m  (along  with  another  ion),  then  1  —  0.92,  or  only  O.OS 
( =  8  per  cent)  of  these  ionic  substances  will  combiae. 

Tlii«  exemplifies  the  case  of  an  active  acid.  The  following  equa- 
tions show  the  data  for  sax  typical  substances  in  N/iO  solution, 
uamely,  two  acids,  two  bases,  and  two  salts: 
(8%)Ha  v:^T!+  +a-t92%),  (98.7%)HCtH/),>=*H*-  +  C.H,Oi~(1.3%) 
(9%)K0H)=(K+  +OH-(9I%),  (98.7%)  NH/)H  jdNH<+ H-OH"  (1.3%) 
(16%)  Naa  Ft  Na+  +  01"  (84%),  (61%)  CuSOt  r^  Cu++  +  SO.-  (39%) 

These  samples  are  chosen  to  illustrate,  in  each  pfur,  the  extremes. 
Thus,  when  potasraum-ion  and  hydroxide-ion  are  brought  t<^ether 
little  union  takes  place,  while  with  ammonium-ion  and  hydroxide- 
ion  the  union  is  practically  complete.  In  the  case,  of  the  soluble 
aalta,  however,  there  are  almost  (p.  369)  no  cases  of  conmderable 
umon  of  the  ions  in  dilute  solutions.  The  case  of  water,  on  the 
other  hand,  is  one  of  the  most  extreme: 

(99.9.%)  H,0  f±  H+  +  OH-  (0.0*1%). 
Hydnmd»4on  and  hydn^^-^on  thus  unite  almost  completely. 
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Similar  reasoning  enables  us  to  iiaadle  the  more  complex,  but 
very  common  case  of  the  mixing  of  two  ionogens.  The  de^reee  of 
ionization  tell  us  the  exact  condition  of  each  system  separately, 
before  mixing.  The  result  of  the  mixing  is  best  understood  by 
viewing  the  change  as  consistii^  in  a  disj^acemeni  of  each  of  the 
equilibria  by  the  action  of  the  components  of  the  other.  We  con- 
sider, therefore,  next,  the  displacement  of  ionic  equilibria. 

The  Displacement  c^  Ionic  Equilibria.  —  Equilibria  are  dis- 
placed by  ciiangea  which  favor  or  disfavor  one  of  the  opposed  actions 
(p.  290).  There  may  be  either,  (1)  a  physical  change  in  the  condi- 
tions, OF  a  chemical  interaction  which  (2)  increases  the  amount  of, 
or  (3)  removes  one  of  the  interacting  substances.  E^h  of  these 
may  be  illustrated  in  turn. 

1.  As  ^Q  example  of  the  firat,  we  have  the  effect  of  chongliig  the 
■mount  of  the  eolveDt  (p.  337).  Adding  more  of  the  solvent  reduces 
the  concentration  of  the  ionic  materials  and  disfavors  their  union, 
so  that  it  indirectly  promotes  dissociation.  The  larger  the  volume 
in  which  the  ions  are  scattered,  the  less  often  will  they  meet,  and 
the  smaller  the  amount  of  combination.  On  the  other  hand, 
evaporatii^  off'a  part  of  the  solvent  favors  the  encounters  of  the 
ions  and  promotes  combination.  When  the  solvent  is  at  last  entirely 
gone,  the  whole  material  is  molecular. 

In  cases  where  the  ionic  and  molecular  substances  are  all  color- 
less, these  changes  can  be  follow^  only  by  a  study  of  the  freezing- 
points  or  other  similar  properties  of  the  solutions  (p.  336).  But 
when  the  substances  are  of  different  colors,  the  changes  can  also  be 
seen.  Thus,  cupric  bromide  in  the  solid  form  is  a  jet  black,  shining, 
cryatalline  substance.  When  treated  with  a,  small  amount  of  water 
it  forms  a  solution  which  is  of  a  deep  reddish-brown  tint,  giving  no 
hint  of  resemblance  to  a  solution  of  any  cupric  salt.  This  doubtless 
represents  the  color  of  the  molecules.  When  more  water  is  added,  the 
deep  brown  gives  place  gradually  to  green,  and  finally  to  blue.  The 
latter  is  the  color  of  the  cupric-ion  Cu^^,  and  is  familiar  in  all  solutions 
of  cupric  salts.  The  colorless  nature  of  solutions  of  potassium  and 
sodium  bromides  shows  that  bromide-ion  Br~  is  without  color. 
Hence,  in  the  present  instance  it  is  invisible.  We  are  thus  watohing 
the  forward  displacement  of  the  equilibrium: 

CuBr,  (brown)  i=f  Cu++  (blue)  +  2Br-. 
If  1  g.  of  the  solid  is  taken,  it  dissolves  in  about  its  own  w^ght  of 
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water,  and  independent  measurement  shows  that  there  is  relatively 
little  ionization.  Hence  the  solution  is  deep  brown.  When  10  c.c. 
of  water  has  been  added,  70  per  cent  of  the  salt  is  ionised,  and  the 
solution  ia  green.  With  40  c.c.  of  water,  only  19  per  cent  rein^as 
in  molecular  form,  and  the  blue  color  of  the  cupric-ion  entirely 
overbears  the  tint  of  the  molecules.  If  we  now  remove  the  water 
by  evaporation,  all  these  changes  are  reversed.  When  30  c.c.  of 
the  water  has  been  driven  o£F,  the  solution  is  green.  As  the  evap- 
oration of  the  remaining  10  c.c  progresses,  the  brown  color  appears. 
When  the  water  is  all  gone,  the  black  residue  remmns.  Here  we 
are  obaervii^  the  backward  displacement  of  the  equilibrium, 
CuBr,t!Cu-^  +  2Br-. 

2.  Cupric  bromide  may  be  used  to  illustrate  also  the  chemical 
methods  of  dispiacii^  equilibria.  Thus,  we  may  show  the  sflMst  of 
tOiOng  more  of  cms  of  th*  rAuUng  substancM.  If,  at  the  green  sta^, 
we  dissolve  solid  potassium  bromide  in  the  liquid  (KBr  »=»  K+  +  Br~), 
the  increased  concentration  of  bromide-ion  causes  more  exteo^ve 
interaction  of  the  ions,  and  the  molecules,  with  their  brown  (»>lor, 
become  prominent  again.  Adding  cupric  chloride  increases  the 
concentration  of  cilpric-ion  and  has  the  same  effect.  In  either 
case,  renewed  dilution  with  water  reduces  the  concentrations  of  all 
the  ions  once  more,  the  molecules  become  fewer,  and  the  brown 
color  ia  displaced  by  the  blue  for  the  second  time, 

3.  Finally,  the  displacement  of  the  same  equilibriinn  by  romor- 
inc  ons  of  ths  Intvractlng  aubstances  may  be  illustrated.  Thus,  if 
the  chocolate-brown  solution,  in  which  molecular  cupric  bromide 
predominates,  is  shaken  with  pulverized  lead  nitrate  (and  filtered), 
two  changes  are  noticed.  A  pale  yellow  precipitate  of  lead  bromide 
appears  (Pb"*^  -I-  2Br''  — » PbBn  i  ),  and  the  brovm  color  fades  irUo 
green.  Here  the  displacement  is  the  opposite  of  the  last.  Instead 
of  reinforcing  one  of  the  ions,  we  have  reduced  the  concentration, 
and  in  fact  almost  entirely  removed  one  of  them,  namely  Br~. 
This  has,  naturally,  stopped  the  interaction  of  the  Cu++  and  Br~ 
which  reproduces  the  brown,  molecular  CuBrj.  Hence  the  disso- 
ciation of  the  latter  has  continued  to  exhaustion  of  the  whole 
molecular  material. 

The  reader  wilt  find  that  the  behavior  of  these  ionic  equilibria, 
and  the  way  in  which  we  discuss  and  expl^n  it,  are  complete  parallels 
of  the  behavior  and  explanation  in  the  case  of  ordinary  equilibria 
(pp.  169,  301),  which  should  now  be  reexamined.  The  illustrations 
in  the  present  section,  and  particularly  the  third  (qf.  p.  208),  should 
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be  considered  until  every  feature  is  perfectly  clear.  They  furnish 
the  key  to  understanding  the  applications  which  follow.  On*  tacfc 
must  not  aac^M  notice,  and  that  is  that  In  none  of  the  tiiree  in»i'j.Tnwf 
was  the  torwud  Mtion  (ths  diuocla>tlon)  in  itaaU  afleotod.  The 
molecules  of  cupric  bromide  have,  as  we  should  expect,  a  certain 
tendency  to  decompose.  No  encounters  between  these  molecules 
are  required  for  mere  decompomtioD.  Hence  their  decomposition  is 
not  influenced  by  their  nearness  to,  or  remoteness  from  one  another 
(illustration  1),  nor  by  the  presence  of  any  other  kinds  of  molecules 
or  ions  (illustrations  2  and  3),  The  effect,  whether  it  involved  an 
apparent  increase,  or  a  diminution  of  the  dissociation,  was  altoays 
accomplished  by  altering  the  concentration  of  the  ionic  subalaticea,  and 
therffore  the  extent  of  the  reverse  action. 

Double  Decomposition  of  Two  Salts.    Prbcipftatigh. 
Chemical  Peopeeties  of  Ionic  Substances 

Applications!    Double  Decompoattion  in  Si^ution.  —  We 

are  now  prepared  to  consider  the  general  case  of  mixii^  the  solu- 
tions of  two  ioni^ns. 

When  solutions  of  two  ionized  substances  are  mixed,  the  first 
reflection  which  occurs  to  us  is  that  each  of  these  has  been  diluted 
by  the  water  in  which  the  other  was  dissolved,  so  that  the  first 
effect  will  be  to  increase  the  d^ree  of  ionization  of  both  to  a  certain 
extent. 

The  next  conmderation  is,  however,  that  we  have  produced  a 
mixture  of  four  ions,  which  must  have  at  least  some  tendency  to 
unite  crosswise.  Thus  potassium  chloride  and  sodium  nitrate  in 
dilute  solution  are  very  greatly  ionized  before  mixii^.  The  re- 
versible actions,  represented  by  the  horizontal  pair  of  the  following 
equations,  have  taken  place  extensively.  But,  by  mixing  the 
liquids,  we  have  brought  into  presence  of  y^-p]  ^_  -1^+      ,   pi_ 

one  another  two  new  pairs  of  positive  and  „  ^-  „_  jT  „  _^_ 
ne^tive  ions.     Hence,  two  other  reversi-  *        It   *  It 

ble  actions,  the  vertical  ones,  will  be  set  TTwn.      w  n 

up  and  will  proceed  until  a  fresh  equilib- 

Hum  of  all  the  ions  with  all  four  kinds  of  molecules  has  been  reached. 
Thus  far  the  description  will  fit  any  case  of  mixing  solutions  of  two 
ionogens. 

Now,  in  this  particular  instance,  what  is  the  actual  extent  of  such 
interaction  as  has  occurred?    To  answer  this  question  we  require  to 
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know  the  proportion  of  molecules  to  ions  in  a  solution  of  each  of  the 
four  salts  (p.  367).  In  decinormal  solutions  it  is  KCl,  14:86; 
NaNO,,  17  :  83;  KNO,,  17  :  8^  NaCl,  16  :  84,  so  that  the  salts 
are  all  equally  well  iouieed.  It  is  a  good  plan  to  add  these  pro- 
portions in  the  formulation,  and  to  insert  heavy  arrows  to  indicate 
the  preponderating  direction  in  each  equilibrium.  Furthermore, 
in  a  dUuled  mixture,  such  as  we  are  considerii^,  the  proportions  of 
iotu  are  greater  than  these  figurea  indicate.  Hence,  practically  no 
chemical  action  has  occurred. 

(>83%)      (>84%) 
C14%)KC11=fK*        +    CI- (86%) 
(l7%)NaN0,i=tN0,-    +    Na+ (83%) 

KNO»  NaCl 

«17%)      (<16%) 

That  this  inference  is  correct  is  shown  by  independent  evidence. 
Thus  when  the  solutions  of  salts  are  mixed,  and  no  predpitation  oc- 
curs, no  thannal  sffMit  is  observable.  This  fact  has  been  known  since 
1842  as  Hess'  law  of  thomumsutralitr.  There  is  also  no  change  in 
color  or  in  volume  on  mixing  such  solutions.  A^ain,  if  the  solutions 
(about  7^/4)  are  placed  in  a  cell  (Fig.  106,  p.  363),  so  that  the  one  forms 
a  layer  below  the  other  (the  solution  to  be  used  for  the  lower  layer 
is  weighted  with  sugar),  no  change  in  conductivity  is  noticed  when 
tbe  solutions  are  stirred  t<^ther.  Hence  no  change  in  the  number 
of  ions  has  occurred. 

We  conclude,  then,  that  when  two  highly  ionized  substances  are 
mixed,  uid  tiM  posalbls  products  ars  also  blgUy  ionUcd,  solublo 
•ubMancM,  then  praetloallr  no  «>!  ""<«■]  action  occurs.  This  rule  ap- 
plies to  all  soluble  salts  (p.  369)  and  to  mixing  salts  with  the  highly 
ionized  acids  or  bases. 

In  view  of  the  above  explanation,  the  old  question  of  whether  suoh  a  solution 
c(»ttsiD8  tbe  first  pair  of  salts,  or  the  seoond  pair,  represented  in  tbe  doubb  de- 
oompoaition,  KQ  +  NaNOi  r^  KNOi  +  NaQ,  loses  its  whole  point.  The  solu- 
tioti  contains  neither  the  initial  molecular  substances  nor  the  moleoular  products, 
in  ^>preeiable  amount. 


Conversely,  when  two  ionized  substances  are  mixed,  an  < 
cTwnIca]  change  does  eniuo  In  two  caiw,  namely: 

1.  When  one  of  the  possible  products  is  an  insoluble  aubstanca 
and  iMwclpltaUoii  occurs,  for  this  r^noves  the  ions  used  in  forming 
the  insoluble  body. 

DiailizodbvGoOgle 
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2.  When  one  of  the  possible  products,  although  soluble,  is  ttttto 
tonlMd,  as  in  nsotralliatltm,  for  thie  likewise  removes  the  ions  re- 
quired to  form  molecules  of  the  product.  We  proceed,  therefore, 
to  discuss  these  two  important  classes  of  actions. 

Precipitation.  —  A  typical  case  of  precipitation  occurs  when 
we  mix  dilute  solutions  of  silver  nitrate  fuid  sodium  chloride. 
(>83%) 
(16%)  NaCl  fcf  Na+    +  CI"  (84%) 
(19%)  AgNO.  t?  NO.- +  Ag+ (81%) 

NaNO,    AgCr(dslvd) 

«i7%)    :r 

AgCl  (aohd) 
Here,  ^nce  the  four  substances  are  all  s<Uts,  they  are  all  highly 
ionized.  If  they  were  all  soluble,  then,  in  dilute  solutioDB,  perhaps 
5  per  cent  of  each  salt  would  be  in  molecules  and  the  rest  in  ionic 
form.  But  the  molecules  of  sUver  chloride  are  excessively  insoluble. 
In  alt  cMas  of  precipitation,  we  look  up  tlie  aolublllties  of  the  poailbla 
products  (see  Table  of  Solubilities,  inside  the  front  cover).  Here  we 
find  that  one  liter  of  water  will  dissolve  only  0.0016  g.  silver  chloride 
(this  quantity  includes  both  ions  and  molecules).  So  the  concentra- 
tion of  the  A^l  (dslvd)  becomes  almost  zero  through  preci^tation. 
Bo  far  u  it  la  in  solution,  however,  being  a  salt  and  very  dilute,  it 
la  practically  all  ionised.  The  precipitation  displaces  the  equilibrium, 
for,  the  dissociation  having  thus  ceased,  those  of  the  ions  Ag*"  and 
CI"  which  combine  are  not  replaced  by  othera.  Hence  the  dlver- 
ioQ  and  chloride-ion  almost  disappear.  This  occurrence  affecta  in 
turn  the  equihbria  with  Na"*"  and  NC^~,  so  that  the  NaCl  and  AgNOi 
become  completely  ionized.  Hence  the  concentrations  of  NaCl 
and  AgNOi,  of  Ag+  and  Cl~,  and  of  the  dissolved  AgCl,  all  become 
practically  zero  at  last.  The  system  finally  contains  only  a  precipi- 
tate of  molecular,  solid  silver  chloride  and  a  solution  of  the  three 
substEinces,  Na"*"  +  NOa"  ±5  NaNOi,  in  equilibrium.  By  far  the 
greater  part  of  this  material  in  solution  is  the  ionic,  namely  the  Na"^ 
and  the  NO,". 

It  will  be  noted  that  precipitation  concerns  only  the  molectdes, 
directly,  and  that  the  ions,  if  there  are  any,  are  involved  only  in- 
directly. The  ions  are  in  equiUbrium  with  the  dissolved  molecules, 
not  with  the  precipitate. 

AB  (solid)  T±  AB  (dslvd)  ?i  A+  4-  B" 
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Hence,  when  a  substance  dissolves,  it  does  so  in  molecular  f  onn,  and 
ions  are  subsequently  generated  from  some  of  these  molecules  until 
equilibrium  is  reached.  Conversely,  when  molecules  come  out  of 
solution,  as  the  result  of  cooling  or  predpitation,  the  diminished 
concentration  of  the  dissolved  molecules  enables  more  ions  progres- 
sively to  unite  until  the  wliole  system  has  adjusted  itself  to  the  new 
conditions. 

To  avoid  a  misconception,  note  tliat  the  answer  to  the  queBl3<Hi, 
"Is  diver  chloride  a  highly  ionized  substance?"  is  "Yes."  Since  ■ 
it  is  a  salt,  we  expect  this.  True,  very  little  of  it  dissolves,  so  that 
it  cannot  pve  many  ions  to  a  solution.  But  little  or  much  ionized 
refers  to  the  proportion  ionized  o/  the  material  which  is  in  solution. 
With  undissolved  material  ionization  has  nothing  to  do. 

It  should  be  noted  that,  when  the  solutions  are  mixed,  as  In  the 
forgoing  example,  strictly  speaking,  the  chief  inieracHon  taking 
[rface  is  the  production  of  the  insoluble  body.  The  largest  part  of 
tbe  chemical  action  may  be  formulated  thus: 
Ag*^  +  Cr^AgCl. 
The  chief  change  that  has  as  yet  befallen  the  ions  of  sodium  nitrate 
is  that  they  have  been  transferred  from  two  separate  vessels  into 
one.  Potentially  the  salt  has  been  formed.  But  the  actual  union 
of  its  ions,  to  ffve  the  second  product  in  the  molecular  condition, 

Na+  +  iJOr  -*  NaNO,, 
comes  about  only  when,  at  some  subsequent  time,  if  at  all,  the 
water  is  evaporated  away. 

The  foregoing  formulation  and  explanation  apply  to  every  case 
of  mixing  ionogens  where  precipitation  occurs,  that  is,  where  the 
pnxlucts  are  insoluble  acids,  bases  or  salts. 

If  the  least  soluble  of  the  four  salts  is  more  soluble  than  silver 
chloride,  more  concentrated  solutions  are  required  to  secure  precipi- 
tation. The  interaction  of  hydrogen  chloride  and  sodium-hydrogen 
sulphate  (p.  208)  is  of  this  nature; 

toiUc  Double  Decomposition  and  Ajffinity.  —  It  is  quite 
clear  that  the  complete  formation  of  acids,  bases,  and  salts  by  pre- 
cipitation is  purely  a  result  of  mechanical  details  concemii^  solu- 
bility, and  shows  nothing  about  the  d^ree  of  affinity  between  the 
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constituent  ions.  Agun,  the  union  of  ions  to  form  feebly  ioolxed 
substances  only  shows  the  tendency  of  the  ionic  materials  to  unite, 
and  may  be  cwnplete  where  the  free  elements  have  little  mutual 
affinity,  and  vice  versa.  Thus,  hydn^en-ion  and  hypochlorite-ioo 
CIO  unite  almbst  completely,  while  hydrogen-ion  and  chloride-ion 
hardly  unite  at  all.  Yet  hypoclilorous  adid  HCIO  ia  very  unstable, 
while  hydrogen  chloride  is  just  the  reverse.  lomc  double  decomposi- 
tions, consequently,  give  no  clue  to  the  activities  of  the  free  materials. 

Individwil,  Spetdfic  Chemical  Properties  of  Each  Ionic 
Material.  —  We  wrote  the  equation  for  the  formation  of  tdlver 
chloride  Ag*  +  Cl~  — » AgCl,  as  if  diver-ion  and  chloride4on  were  the 
■  only  substances  concerned  in  the  actioa.  Further  study  shows  this 
to  be  justifiable.  Thus,  hydrochloric  acid,  cupric  chloride,  and 
dozens  of  other  chlorides  may  be  used  instead  of  sodium  chloride 
and  give  diver  chloride  just  as  readily.  The  sodium-ion  had  nothing 
to  do  with  the  result.  Of  course  we  C£umot  get  a  solution  cont^ning 
chloride-ion  alone.  Like  a  vessel  in  which  to  make  the  experiment, 
some  positive  ion  is  required.  But,  like  the  rest  of  the  apparatus, 
this  ion  may  be  varied  indefinitely,  is  not  altered  in  the  course  of  the 
change,  and  may  therefore  be  dispensed  with  in  the  equation.  The 
nitrate-ion  NOj""  which  accompanied  the  silver-ion  is  similarly  a 
part  of  the  apparatus,  for  diver  sulphate  solution  works  just  as 
well  as  diver  nitrate. 

That  chloride-ion  is  ^  substance  with  specific  chemical  properties, 
is  eadly  demonstrated.  It  forms  diver  chloride  whenever  it  en- 
counters silver-ion.  Other  substances,  even  when  they  contain 
chlorine,  lack  this  property.  Chloroform  CHC1»  and  chlorobenzene 
CtHeCl,  in  a  solvent  in  which  ionogens  are  dissociated,  do  not  interact 
when  silver  nitrate  is  added.  They  give  no  chloride-ion  and,  m  fact, 
rem^n  un-ionized.  Potasdum  chlorate  KCIO9  and  perchlorate 
KC10(  and  chloracetic  acid  HCOiCHsCl,  with  diver-ion,  fMl  like- 
wise to  give  diver  chloride.  They  are  ionized,  but  chloride-ion  is 
not  one  of  the  ions  of  any  of  them.  The  ions  C10j~,  CIO*"",  and 
CO1CH1CI-,  have  properties  of  their  own,  and  their  compounds  with 
mlver-ion  are  soluble. 

Other  chemical  properties  of  chloride-ion  are:  That  it  unites 
aJso  with  lead-ion  Pb^*-*-  and  mercurous-ion  Hg+,  forming  insoluble 
chlorides  (p.  226).  It  is  discharged  and  liberated  as  free  chlorine  by 
fluorine  (p.  281): 

2H+  +  2C1-  4-  F,  -» 2H+  +  Clj  t  +  2F- 

_     Google 
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Since  the  hydrogen-ion  is  not  affected  and  other  chlorides  behave  in  a 
similar  manner,  the  positive  ion  may  be  omitted:  2C1~  +  Fj  — » Clj 
+  2F-. 

finally,  chloride-ion  has  relatively  little  tendency  to  unite  with 
other  ions,  or,  in  other  words,  the  compounds  of  chloride-ion  with 
moet  other  ions  are  highly  ionized.  Thus  itcombines  with  hydrogen- 
ion  to  the  extent  of  only  8  per  cent  (p.  377)  in  decinormal  solution. 
In  this  respect  it  differs  markedly  from/ree  chlorine,  just  as  hydrogen- 
ion  differs  from  hydrogen.  The  free  elements  unite  with  vigor  and 
completely.  Hydrogen  chloride  is  easy  to  dissociate  into  ions, 
but  difficult  to  dissociate  into  its  constituent  elements.  Nothing 
coidd  show  more  strikingly  than  this  that  the  ionic  materials  have 
chemical  properties  of  their  own. 

Similarly,  barium  salts  and  ordinary  sulphates  ff.ve,  when  mixed, 
a  precipitate  of  barium  sulphate  BaSO^.  Here  we  encounter  a 
property  of  barium-ion  Ba++  and  sulphate-ion  SO*".  But  potassium- 
ethyl  sulphate  KCiHtSO«,  in  spite  of  its  name,  will  not  give  this 
reaction  with  a  barium  salt.  Here  electrolysis  shows  that  sulphate- 
ion  is  absent  and  that  the  negative  ion  is  C:H(S04'~. 

In  the  same  way  every  other  ionic  material  may  be  shown  to  be  a 
Bubstance  with  an  individual  set  of  physical  (p.  375}  and  chemical 
properties.  Each  salt,  when  dissolved,  gives  two  kinds  (at  least)  of 
ionic  materials.  The  solution  is  simply  a  mixture,  and  each  physical 
component  forthwith  behaves,  towards  ions  capable  of  umtii^  with 
it,  as  if  it  were  alone.  The  other  materials,  ionic  and  molecular, 
which  are  present,  may  remain  essentially  unaffected  throughout  the 


Application  in  Chemictil  Analysis.  —  Since  the  larger  num- 
ber of  ordinary  chemical  substances  are  lonc^ens,  and  the  most  rapid 
and  simplest  chemical  changes  take  place  whrai  they  are  in  solution, 
the  various  reactions  of  their  solutions  are  employ^  as  tests  for  the 
substances  in  question.  An  advantage  of  the  use  of  the  solutions  is 
that  they  contain  a  mixture  of  two  independent  materials,  the  anion 
and  the  cation,  and  when  these  have  been  identified  successfully  the 
salt  from  which  they  were  formed  is  known.  The  simplicity  to  which 
chemical  analy^s  is  thus  reduced  may  be  seen  when  we  consider  that 
twenty-five  common  metals  with  twenty-five  negative  radicals  might 
^ve  a  total  of  over  six  hundred  different  salts.  If  the  distinct 
properties  of  each  of  these  had  to  be  considered,  the  identification  of 
an  unknown  substance  would  be  very  difficult.    In  solution,  how- 
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ever,  the  problem  becomes  much  easier.  Eveiy  solution  made  from 
a  angle  salt  will  contain  but  two  substances  (in  the  main;  see, 
however,  below),  and  the  problem  reduces  itself  to  ascertainii^  which 
two,  out  of  a  total  of  fifty,  are  present  in  any  particular  case.  This 
is  ea^er  than  investigating  mx  hundred  possibilities. 

As  an  example  of  the  method,  let  us  suppose  that  we  look  first 
for  the  positive  ion.  Most  systems  of  analysis  b^in  by  the  addition 
of  a  solution  containing  chloride-ion,  generally  dilute  hydrochlorio 
acid,  to  the  liquid.  If  an  ion  is  present  which  in  combination  with 
chloride-ion  gives  an  insoluble  compound,  a  precipitate  will  appear. 
Amongst  the  common  positive  ions  but  three  are  of  this  kind,  namely, 
silver-ion,  mercurous-ion,  and  lead-4on.  So  that  the  preupitate,  if 
it  appears,  is  a  chloride  of  one  of  these  three  metals,  and  the  matter 
of  distinguiBhing  between  the  three  is  quickly  disposed  of  by  further 
examination  of  its  properties.  If  no  predpitate  comes  out,  then  these 
three  metals  are  probably  absent,  and  some  fresh  ion  capable  ot 
precipitating  another  set  of  positive  ions  is  introduced  (see  Chap. 
XXXVII).  Thus  by  a  process  of  elimination  we  quickly  find  out 
whether  any  metal  ion  is  present,  and,  if  so,  precisely  which  one  it  is. 

The  IfmguBge  of  amdysB  is  frequently  somewhat  looee.  llus  we  apeek  of 
the  addition  of  a  silver  salt  to  a  floluUon  as  being  a  "test  for  chkwine."  As  a 
matter  c^  fact,  it  ie  not  a  test  for  chlorine.  It  is  not  intended  as  a  t«st  for  free 
chlorine,  nor  will  it  show  the  presence  ai  chlorine  in  many  states  of  omnbtnation. 
It  u  aimply  a  tc«t  for  ionic  ohkniie  Ct~,  and  eaanot  give  ua  iuftwmaiiiMi  in  regard  to 
the  preeence  or  abeence  of  any  other  form  of  the  element.  So  the  wei-way  testa 
for  "oc^per,"  "olver,"  etc.,  so  called,  are  teeta  tat'  the  ionio  fenna  of  these  de- 
ments, and  not  for  the  preoence  of  the  element  in  tvery  form.  Even  the  two 
kinds  of  copper  and  mercury  ions,  Cu*^,  Cu*",  Hg**,  Hg*",  must  be  classed  as 
distinct  substances.  Thus,  the  last  is  predpilated  by  ohloridMon  while  the 
Bectmd  last  is  not,  mercuric  chloride  HgCli  being  sduble. 

NBCraALIZA-TlOH 

TfeutraUamtion.  —  When  80  per  cent  sulphuric  add  is  poured 
upon  solid  potassimu  hydroxide,  much  heat  is  devdoped  and  clouds  of 
steam  arise.  The  solid  product,  when  freed  from  the  rest  of  the 
water,  is  potassdum  sulphate: 

2K0H  +  H»SO«  fcs  2HiO  T  +  KaSO*. 

With  any  other  pair  consisting  of  an  acid  and  a  base,  a  anular  interac- 
tion occurs  (qf.  p.  213),  water  and  a  salt  being  pnxfaioed. 
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A  double  decomposition  between  ionogena  iB  always  reveraible 
(p.  380),  and  so  we  should  expect  that  in  dilvie  solviion  the  inter- 
acUon  of  an  acid  and  a  base  would  be  incomplete.  We  find,  however, 
that  this  particular  sort  of  action  almost  always  goes  to  completion. 
This  kind  of  action  is  called  n«uta«Uxnaoii,  because  both  acid  and 
base  are  completely  consumed,  and  bydn^en-ion  and  hydroxide-ion 
are  alike  imposable  of  detection  in  the  resulting  murture.  The 
solution  is  nautral  to  litmus. 

(>87%)(.0,1%)  The  general  plan  of  ^in- 

(8%)HCltJCr    +H+    (92%)    teractioDBrfacKfe  and  bases 

(9%)  NaOH  ^  Na*  +  OH"  (91%)    S,"""?"^  "■  ""  ,'Tt'T' 
^  '"'  it  JI  ^^^  ionization  of  the-  hydro- 

NaCl      hIo  chloric  acid  reaches  0.92  in  a 

f  ^A-iOf\     (Mv^\  decinormal  solution,  and  goes 

^<i6/o)     UOi^/oJ  fj^rther  when  the  acid  is  di- 

luted with  the  water  of  another  solution.  That  of  the  sodium 
hydroxide  fdmilarly  goes  beyond  0.91.  Thus  the  substances  in  the 
solutions  before  mixing  are  almost  entirely  ionic.  The  crosswise 
union,  H+  +  0H~  £5  HjO,  however,  is  all  but  complete,  for  water 
is  hardly  ionized  at  all  (p,  367).  The  materials  on  whose  inter- 
action with  the  Cl~  and  Na+,  respectively,  the  maintenance  of 
molecules  HCl  and  NaOH  depends,  being  thus  removed,  the  disso- 
ciation of  the  acid  and  base  promptly  brings  itself  to  completion, 
and  the  left  rades  of  the  equations  vanish.  Practically  all  the 
hydn^en-ion  and  hydroxide-ion  become  water,  which  thenceforth  is 
mmply  a  part  of  the  solvent.  The  Cl~  and  Na+,  however,  if  the 
solution  is  now  1/20  noTmal,  unite  to  the  extent  of  0.13  only.  If 
it  is  more  dilute,  this  union  forms  a  still  smaller  factor  in  the  whole 
change.  Practically  it  is  negligible.  Now  all  that  has  been  [said  of 
this  acid  and  base  will  apply  mulatis  mutandis  whenever  any  active, 
highly  ionized  acid  and  base  come  together.  Thus  we  may  write  <me 
■hnple  squadon  for  tU  neutrallzatlonB  ot  actlvs  addK  and  buw: 

H+  +  OH-  -» H,0, 
without  omitting  anything  essential. 

The  ions  of  a  salt  are  always  left  over  from  the  m^n  action,  and 
may  be  brought  together,  in  turn,  by  evaporation;  Na+  +  Cl~'_— » 
NaCI,  or  the  liquid  may  be  used  as  a  solution  of  the  pure  salt. 
The  equaliwia  u  commonly  writttti 

NaOH  -K  HQ  -«  NaCI  +  HiO, 
2NbOH  +  %80«-^Na^.  +  W^ 

I      Mz,,!:,.,  Google 
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apply  to  the  interactiona  vben  water  is  absent.  If  used  for  seutrf^saUni  io 
dilute  aolutioQ,  it  must  be  underetood  that  they  coadense  two  changes  into  one 
equstioD.  The  formation  of  water  comes  firet,  that  of  the  aalt  afterwards 
Sometimes  neutralization  is  wholly  misconstrued  by  the  supposition  being  made 
that  it  occurs  in  consequence  of  a  great  tendency  to  salt  formation. 

Confirmations  of  this  View  of  Neutralisation.  —  The  neu- 
tral mixture  of  the  acid  and  base  gives  no  evidence  of  the  presence 
either  of  the  hydrogen  ione  or  of  the  hydroxide  ions.  The  character- 
istic tastes,  and  actions  upon  indicators,  of  these  two  ions,  and  the 
interaction  of  the  former  of  the  two  with  metals  hke  m^nesium, 
are  all  granting,  That  this  b  due,  not  simply  to  two  opposing  in- 
fluences having  destroyed  each  other's  effects,  but  to  a  real  disappear- 
ance of  the  agencies  themselves,  may  be  demonstrated  by  showing 
that  the  total  number  of  ions  is  very  much  smaller  in  the  mixture 
than  in  the  two  substances  taken  separately. 

The  trough  (Fig.  106,  p.  363)  is  half-filled  with  a  dilute  solution 
Csay,  JV/4)  of  some  active  acid,  such  as  hydrochloric  acid.  An  equal 
volume  of  a  N/i  solution  of  some  soluble  base  (loaded  with  sugar), 
such  as  sodium  hydroxide,  is  then  allowed  to  flow  in,  below  the  acid. 
On  completing  the  circuit  we  find  a  con»derable  deflection  of  the 
amperemeter  (say,  1.5  amperes).  When  the  interaction  is  now 
brought  about  by  stirring,  a  very  great  fall  in  the  reading  {say  to 
0.5  amperes)  b  observed.*  The  only  plausible  explanation  is  that,  . 
not  only  have  many  of  the  ions  assumed  a  molecular  form,  but  those 
which  have  suffered  in  this  respect  have  been  the  most  rapidly 
moving  and  best  conducting  ones,  namely,  the  hydrogen-ion  and 
hydroxide-ion. 

Again,  a  considerable  thermal  effect  accompanies  neutralization. 
But,  in  the  cases  we  are  discussing,  that  is  where  active  bases  and 
acids  are  employed,  the  heat  hberated  by  use  of  equivalent  weights 
{p.  182)  is  always  the  same,  namely  13,700  cal.  That  it  is  always 
the  same  confimis  our  theory,  for  practically  the  whole  change  is 
always  the  formation  of  18  g.  of  water  from  the  ions.  * 

When  less  highly  ionized  acids  or  bases  are  used,  the  only  differ- 

*  The  experiment  may  be  made  more  striking  by  adding  a  few  dropB  of 
phenolphthal^  solution  to  the  acid  and  using  a  minute  excess  of  the  base.  To 
prevent  the  appearance  of  a  pink  layer  at  the  interface,  and  before  the  stirring,  a 
thin  layer  of  sodium  chloride  solution  (loaded  with  less  sugar  than  the  solution 
of  the  base)  may  be  introduced  bdow  tbe  acid,  before  the  layer  of  the  base  is 
added. 
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ence  is  that  there  are  more  of  the  molecular  materials  present, 
before  the  solutions  are  mixed.  But  the  removal  of  the  H'*'  and 
0H~  ions  permits  the  molecules'  of  the  acid  and  baae  to  dissociate, 
BO  that  the  final  products  are  water  and  the  ions  of  a  salt,  as  before. 
This  case  is  discussed  in  detail  later. 

The  foregoing  fonnulation  and  explanation  apply  to  every  case  of 
mixing  ionogens,  where  a  very  slightly  ionized  substance  is  one  of 
the  products,  that  is,  when  water,  or  a  feeble  acid,  or  a  feeble  base 
(pp.  369-370)  is  formed. 

Addimetry  and  Alkalimetry.  When,  as  is  constantly  the 
case,  a  chemist  desires  to  aacvrtaln  the  quantitT  of  an  add  or  baa* 
present  in  a  solution,  he  uses  for  the  purpose  'he  interaction  just 
discussed.  If,  for  example,  the  problem  is  to  .--scertain  the  weight 
of  hydrogen  chloride  per  liter  in  a  specimen  of  hydrochloric  add,, 
this  can  be  done  by  neutralizing  a  measured  portion  of  this  arad  with 
a  solution  of  an  alkali  of  known  amcenlri^on  (see  next  section). 
The  volume  of  the  latter  which  is  required  for  the  purpose  is  ob- 
served.    If  the  alkali  is  sodium  hydroxide,  the  action  taking  place  is 

HCl  +  NaOH  -*  HjO  +  NaCl. 

The  volume  of  acid  is  measured  out  into  a  beaker  by  means  of  a 
pipette  C^g.  107)  of  fixed  capacity,  which  is  filled  t^  suction  to  the 
mark  on  the  stem.  Suppose  the  amount  to  be  25  c.c.  The  standard 
alkah  solution  is  placed  in  a  buretto  (Fig.  108),  which  is  filled  down 
to  the  tip  of  the  nozzle.  A  few  drops  of  litmus  solution  are  now 
added  to  the  acid,  the  level  of  the  alkali  in  the  burette  is  read  off, 
and  the  alkali  is  allowed  to  run  slowly  into  the  acid.  After  a  time, 
the  hydroxide-ion  which  this  introduces  will  begin  to  produce  a  blue 
color,  close  to  where  the  stream  enters  the  liquid.  This  is  at  first 
.  dissipated  by  stirring,  and  the  whole  remains  red.  Finally,  however, 
a  point  is  reached  at  which  the  entire  solution  assumes  a  tint  inter- 
mediate between  blue  and  red.  With  one  drop  less  of  the  base,  it 
is  distinctly  red.  With  one  drop  more,  it  would  become  distinctly 
blue.  Litmus  paper  of  either  shade  dipped  in  this  neutral  solution 
remfuns  unaffected.  The  level  in  the  burette  is  read  agam,  and 
the  difference  between  this  and  the  previous  reading  gives  the  number 
of  c,c.  of  standard  alkali  used. 

By  the  use  of  a  standard  solution  of  an  acid  in  the  burette,  the 
quantity  of  a  base  may  be  determined  in  the  same  way. 
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Standard  Solutions.  —  The  itandard  lohitiona  used  in  this 
work  are  usually  Donnal,  and  contain  one  equivalent  weight  of  the 
alkali  or  acid  in  one  liter  of  the  Bolution.  For  more  delicate  work, 
decinonnal  (iV/10)  solutions  may  be  employed.  The  concentra-- 
tion  of  such  a  solution  is  called  its  tlt«r,  and  the  operation  of 
analynng  another  solution  by  means  of  it,  titration.  The  value  of 
standard  solutions  lies  in  the  fact  that,  when  once  the  solution  has 
been  prepared,  and  the  exact  concentration  adjusted  by  quantita- 
tive experiments,  its  use  does  not  require  any  weighing,  and  the 
measurements  of  volumes  can  be  carried  out  with  great  rapidity. 
A  process  involvir^  weighing  need  not  again  be  undertaken  until  the 
stock  of  the  standard  solution  is  exhausted. 

The  MleuUtioa  of  ttu  muH  is  also  ^mple.    One  liter  of  normal 
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alkali  contains  17  g.  of  available  hydroxyl,  and  one  liter  of  normal 
acid,  1  g.  (^  available  hydrogen  (p.  182).  Equal  volumes  of 
nonnal  solutiooB  will  therefore  exactly  neutralise  one  another,  18  g. 
of  water  being  formed  by  interaction  of  a  hter  of  each.  If,  for 
the  neutralization  of  the  25  c.c.  of  hydrochloric  a<ud  used  above, 
50  c.c.  of  normal  alkali  are  required,  the  acid  is  twice-normal  (2^). 
When  15  C.C.  are  required,  the  acid  ia  ^  or  |iV.  If  the  actual 
weight  of  the  acid  in  the  latter  case  has  to  be  calculated,  we  remem- 
ber that  there  are  36.46  g.  of  hydrogen  chloride  in  1  1.  of  a  normal 
solution,  and  therefore  36.46  X  f  X  lUv  6-  =  0.5467  g.  in  25  c.c. 
of  a  solution  which  is  j-normal. 

Methods  of  quantitative  analyds  in  which  standard  solutions  are 
employed  are  known  as  roluiovtric  methods,  and  are  much  used  by 
analysts  and  investigators.  They  occuj^  much  less  time  than 
fnrtiiMtrio  operations,  in  which  numerous  weighings  have  to  be 
made,  and  are  often  just  as  accurate.  The  substances,  like  litznus, 
by  whose  change  of  color  the  completeness  of  the  action  is  made 
known,  are  called  Indicators  (see  below). 

Indicators.  —  Indicators  are  substances  which,  in  presence  of 
certain  other  substances,  assume  a  very  deep  color,  or  chai^ 
sharply  from  one  deep  color  to  another.  Thus,  phenol^^thaldn 
(p.  388)  is  colorless  in  presence  of  acids  (i.e.,  hydrogen-ion),  and  red 
(when  dilute,  pink)  in  presence  of  alkaUes  (i.e,,  hydroxide-ion).  Lit- 
mus, a^iin,  is  red  with  acids,  and  blue  with  alkalies.  The  change  of 
color  depends  upon  a  chemical  interaction  in  each  case,  but  ednce 
indicators  are  chosen  for  thmr  stroi^  coloration,  the  quantity  of 
the  acid  or  base  used  up  in  changing  the  tint  of  the  trace  of  the 
indicator  is  so  small  as  to  be  n^ligible.  The  common  indicators 
are: 

71utudphtbal«m  CuHuO*,  a  colorless  substance  and  very  feeble 
add.    It  is  not  perceptibly  dissociated  into  its  ions: 

CmHuO*  (coloriesB)  t?  C«JIwOr  (red)  +  H+, 

and  in  neutral  or  acid  solutions  is,  therefore,  without  viable  color. 
When  a  base  is  added  gradually  to  an  acid  containing  some  of  this 
indicator,  the  acid  is  first  neutralized.  Then,  and  not  till  then,  the 
sl^htest  excess  of  hydroxide-ion  unites  with  the  trace  of  hydrogen- 
ion  frcan  the  phenolphthalein,  the  above  equilibrium  is  cfisplaced 
forwards,  and  a  visible  amount  of  the  red  negative  ion  is  formed: 

HV.IC 


INORGANIC  CHEMISTRY 

C»HmO*  (colorless)  ^  CwHuOr  (red)*  +     H+  j 
NaOH  t»  Na+  +  OH"  ] 


t*H,0. 


In  this  more  compact  formulation,  we  show  the  product  (HjO) 
from  the  union  of  the  two  ions  which  combine,  but  omit  the  prod- 
uct from  the  union  of  Na"*"  and  CjoHisOt",  because  here  (since  the 
product  is  a  salt)  hardly  any  union  occurs. 

This  indicator  is  especially  sensitive  to  acids  (weak  or  strong),! 
and  it  shows  the  presence  of  an  excess  of  alkali  most  sharply  when 
the  alkah  is  an  active  one  like  sodium  hydroxide,  and  should,  there- 
fore, be  employed  only  with  strong  bases.  With  a  weak  base  like 
ammouii^  hydroxide,  a  considerable  excess  of  the  base  must  often 
be  used  before  the  dblor  appears. 

Litmus  is  an  extract  from  certain  lichens,  first  used  by  Boyle. 
It  contains  azolitmin.  One  of  its  colors  is  that  of  the  molecule, 
and  the  other  that  of  the  ion. 

Htathyl  orange,  (CHs)sNCsH4.N:N.CJI^0jNa,  is  a  complex  or- 
ganic compound  which  gives,  in  acid  solution,  a  red  and  iu  alkaline 
solution  a  yellow  color.  This  indicator  b  very  sensitive  to  bases, 
both  strong  and  weak.t 

Congo  red  is  the  sodium  salt  of  an  acid  of  complex  structure  (see 
Dyes).  In  neutral  or  alkaline  solutions  it  is  red;  with  acids  it  turns 
blue.  Paper  dipped  in  Congo  red  differs  from  htmus  paper  in  that  it 
shows  gradations  in  color,  the  blue  being  much  more  distinct  with  an 
active  acid  than  with  a  relatively  weak  one  like  acetic  acid  (p.  369). 
Litmus  paper  is  equally  red  with  all  acids  save  the  very  feeblest. 

Some  special  indicators  have  been  mentioned.  Thus,  starch 
emuMon  is  used  for  recognizing  the  presence  of  traces  of  iodine 
(p.  276).  Potassium  permanganate  is  itself  so  strongly  colored  that 
it  is  its  own  indicator  (p.  320). 

Weak  Acids  and  Bases 

Active  and  Weak  Acids.  —  In  solutions  eontaimng  equivaleot 
quantities  of  bydrc^en  salts,  and  therefore  equal  amounts  of  com- 

*  The  ion  has  thia  campoaitioa,  but,  in  reality,  has  a  different  chemical  Btnic~ 
ture  from  the  corresponding  part  of  the  original  molecule.  An  internal  reairaoge- 
ment,  not  repreaentAble  in  the  equation,  accompanies  the  dissociation.  The 
same  remu'k  applies  to  the  other  indicatora. 

t  A  neutral  solution  contains  H^  and  0H~  in  the  same  oonoentrations  aa  in 
water,  namely  O.Oil^.  Methyl  orange  beoomee  yellow  with  O.OtlWH^,  and 
phen<dphtbalein  becomes  colorless  when  0H~  becomes  O.OilJV. 
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bined  hydrogen,  in  equal  volumes,  the  concentration  of  hydrogen- 
ion  at  any  moment  in  each  will  be  different.  This  concentration 
wiU  be  h^  or  low  according  to  the  extent  to  which  water  is  able 
to  dissociate  the  molecules.  Now  the  activity  of  the  hydrogen-ion, 
that  is,  the  speed  with  which  it  will  interact,  like  that  of  any  other 
substance,  depends  on  its  concentration  (p.  292).  Hence  the  hydro- 
gen salts  furnish,  on  being  dissolved,  acids  of  all  degrees  of  activity. 
Thus  in  normal  hydrochloric  acid,  the  fraction  dissociated  is  0.78, 
Mid  the  hydrogen-ion  is  0.78-normal,  whereas  in  nonnal  acetic  acid 
the  hydrogen-ion  is  only  0,0(Mrnormal  (p.  366).  Yet  the  amounts 
of  hydrogen  chloride  and  hydrogen  acetate  per  liter  contain  equal 
quantities  of  replaceable  hydri^n,  namely,  1  g.  each.  Both  the  solu- 
tions in  fact  are  normal  in  respect  to  combined  hydrogen.  But  the 
Dormal  acetic  acid  has  only  about  one  two-hundredth  of  the  activity 
of  normal  hydrochloric  acid. 

That  a  difference  in  the  activity  of  different  acids  does  exist  may 
be  shown,  roughly,  by  placing  dmitar  pieces  of  the  same  metal,  say 
einc,  in  equal  volumes  of  various  nonnal  solutions  of  acids,  such  as 
hydrochloric,  sulphuric,  and  acetic.  The  hydrogen  is  evolved  more 
rapidly  by  the  first  than  by  the  second,  and  very  much  faster  by 
dther  than  by  the  last.  Naturally,  the  first  is  sooner  exhausted, 
while  the  third  acts  in  its  slow  way  for  a  very  long  time  before  beii^  all 
used  up.  In  the  third  case  few  ions  of  hydrogen  are  at  hand  at  any 
one  moment,  but  more  are  formed  continuously  from  the  molecules,  to 
take  the  place  of  those  displaced.  Thus  the  total  amount  of  hydrogen 
obt^ned  from  each  acid  is  finally  the  same.  It  is  the  speed  of  evolu- 
tion alone  which  is  different  and  shows  the  differing  concentrations  of 
the  hydrogen-ion. 

In  cases  of  extremely  small  ionization,  the  presence  or  absence  of 
viable  action  on  litmus  may  form  another  means  of  estimating 
activity.  Thus,  litmus  is  easily  turned  red  by  a  deci-normai  solution 
of  acetic  acid  or  of  any  more  active  acid  (p.  369),  but  hydrogen  sul- 
phide, in  a  solution  of  the  same  molecular  concentration,  contains  only 
one-twentieth  as  many  hydrogen  ions  (p.  369),  and  affects  litmus 
paper  but  slightly.  Paper  dipped  in  Congo  red  exhibits  differences  in 
the  activity  of  acids  by  the  different  depths  of  the  tints  it  assumes. 
For  example,  it  is  much  less  markedly  affected  by  acetic  than  by 
sulphuric  acid  of  the  same  concentration  (Indicators,  p.  392). 

Many  hydrogen  salts  are  but  slightly  soluble.  Thus,  with  alicic 
acid  (g.P.),  the  solid  can  keep  only  a  small  concentration  of  molecules 
in  solution:    HjSiO.  (solid)  *5H,SiO»  (dslvd).    So  that,    although 
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some  iona  are  doubtless  present,  HtSiO«  (dslvd)  ?a  2H+  +  SiOj',  their 
conceatration,  being  dep^ident  on  that  of  the  molecules,  is  very  niinute 
indeed.  Still,  even  in  the  absence  of  an  effect  upon  litmus,  the  sub- 
stance e&n  be  reo^nized  to  be  an  acid.  Thus,  by  the  action  of  sodium 
hydroxide,  Bilicic  acid  can  be  made  into  sodium  dUcate  NatSiOt, 
which  is  highly  soluble  and  highly  ionized.  Hence,  since  SiOi"  is  a 
amative  ion,  we  reach  the  conclusion  indirectly  that  H^iOt  is  an 
add. 

Substances  like  ammonia  NH«,  sugar,  and  alcohol,  although  they 
contain  hydrogen,  are  not  hydrogen  salts.  They  are  not  ionogens 
(<^.  p.  342),  and  give  no  hydiogen-ion.  lonizable  and  non-ionizable 
hydrogen  may  even  be  contained  in  the  same  compound.  Thus, 
each  molecule  of  acetic  acid  H.COiCHi  contains  four  hydrogen  units, 
but  gives  only  one  hydrogen  ion.  The  other  three  are  part  of  the 
acetate-ion  CO]CHs~.  We  infer  this  because  metals  can  be  substi- 
tuted for  one  hydrogen  unit  (NaCOiCHt),  but  not  more. 

Active  and  Weak  Baaes.  —  The  case  of  wuk  bHu  is  exactly 
analogous  to  that  of  weak  acids.  Thus,  in  normal  potassium  hydrox- 
iite  KOH,  the  fraction  ionized  is  0.77  and  the  hydroxide-ion  0H~ 
is  0.77-nonnal,  whereas  iu  normal  ammonium  hydroxide  NH4OH 
the  hydroxid&4on  b  only  0.004-normal.  Yet  both  solutions  are 
nonn^  in  respect  to  ioniml  and  combined  hydroxyl  together.  But 
nonnal  ammonium  hydroxide  has  only  about  one-one  hundred  and 
ninetieth  of  the  basic  activity  of  normal  potasraum  hydroxide. 

Most  bases,  as  we  have  seen  (p.  374),  are  but  slightly  soluble,  and 
do  not  give  sufficient  hydroxide-ion  to  affect  indicators.  Yet  they 
interact  with  acids,  often  ^ving  soluble,  and  in  all  cases  highly 
ionized  salts. 

Trinitrobenzene  CeHi(NOi)j,  which  is  colorless  in  add  solution 
and  deep-orange  in  presence  of  an  active  base,  can  be  used  to  show 
different  concentrations  of  hydroxide-ion.  Thus,  with  ^-sodium 
hydroxide  it  gives  a  dark  orange  color  (0.73iV  OH""),  but  with  a 
N/10  solution  light  orai^e  (0.091JV  OH").  With  Af-ammonium 
hydroxide  it  ^ves  a  very  faint  color  {0.004Ar  OH")  and  with  a 
iV/10  solution  no  color  {OmiZN  OH"). 

NeutraUxation  qf  Little  Ionised  Substances.  —  When  con- 
centrated solutions  are  employed,  or,  when  adds  and  bases  which  are 
but  little  ionized  are  involved,  the  mechanism  of  the  change  is  still 
the  same  in  all  respects.     The  only  difference  is  that,  since  the.add  or 
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base  is  not  fully  ionized  to  start  with,  ite  molecuIeB  must  dissociate 
progressively,  in  proportion  as  the  hydrogen  ions  pass  into  combina- 
ti(»i.  All  the  hydrogen  and  hydroxyl  capable  of  formii^  ions  will 
pass  through  that  stage,  and  ultimately  become  water,  before  the 
solution  can  reach  the  neutral  condition. 

The  neutralization  of  inactive  bases  and  adds  ^ves  instructive 
results,  when  performed  in  the  conductivity  trough  {Fig.  106,  p.  363), 
Thus,  if  the  trough  be  first  half-filled  with  N/IO  ttcetic  acid,  and  an 
equal  volume  of  JV/10  ammonium  hydroxide  (loaded  with  sugar) 
be  run  in  below  the  acid,  the  formulation  (two  horizontal  lines) 
shows  the  degrees  of  ionization : 

(>85%)         (0%) 
(98.7%)  HCO,CH,tT  COiCH,-  +  H+  (1.3%) 
(98.7%)NH*OH    1:tNH4+        +  OH"  (1.3%) 
U  U 

TSfH4C0,CH,        H,0 
«15%)         (100%) 

The  conductivity  before  mixing  (horizontal  Knee)  Is  very  slight. 
After  mixing,  water,  which  is  hardly  ionised  at  all,  and  aimnonium 
acetate,  a  highly  ionized  salt  are  formed.  On  the  whole,  the  number 
of  ions  is  greatly  increased,  and  the  conductivity  increases  also  very 
markedly. 

From  all  this  it  will  be  seen  that  the  acUmty  of  acids  and  bases 
cannot  be  measured  by  the  quantUy  of  base  or  acid  required  to  neu- 
tralize them.  The  full  amoiut  required  by  the  equation  is  always 
needed  in  every  case.  This  is  because  neutralization  uses  up  the 
hydn^en-  or  hydroxide-ion  at  once,  and  so  permits  the  rapid  generation 
of  a  fresh  supply.  The  concentration  of  one  of  these  ionic  materials 
can  only  be  measured  by  some  action  which  uses  it  up  slowly  or  not 
at  all,  so  that  ionic  double  decompositions  are  excluded.  In  the 
action  of  metals  on  acids  (p.  128),  and  in  determining  conductivity 
(p.  362),  the  consumption  of  the  ions  is  slow,  and  hence  the  measure- 
ment can  be  made  In  these  cases.  Actions  which'  consume  no  ions 
at  all  are  also  known,  and  are  used  in  measuring  activity  (see  Carbo- 
hydrates and  esters). 

The  reader  must  not  fall  into  the  error  of  supposing  that  the 
neutralization  of  inactive  bases  and  acids  takes  a  longer  time  than 
that  of  active  ones.  The  formation  of  more  ions,  by  the  ionization 
of  the  molecules,  is  so  rapid  that  the  time  it  occutues  is  in  oU  cases 
too  short  to  be  measured.    Ionization  appears  to  be  instantaneous. 

I      i,;,,!:..,  Google 
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When  the  acid  or  base  is  but  little  soluble  in  water,  as  when  nnc 
hydroxide  is  treated  with  a  dilute  acid,  one  other  link  is  added  to  the 
network  of  equilibria.  The  acid  proceeds  to  interact  with  the  amall 
dissolved  part  of  the  baae.  As  this  is  disposed  of ,  solution  goea  on 
progressively  and,  through  a  train  of  equilibria: 

Zn(OH)j  (solid)  ±=t  Zn(OH)j  (ddvd)  ^  Zn"^  +  20H-, 

the  supply  of  hydroxide-ion  is  maintained  until  all  the  molecules  of 
the  base,  solid  and  dissolved,  are  used  up  and  the  action  is  completed. 
Heating  hastens  these,  aa  it  does  all  other  changes. 

If  acid  and  base  are  alike  insoluble,  it  saves  time,  if  the  productipn 
of  the  salt  is  the  ultimate  object,  to  fuse  the  materials  together  at  a 
high  temperature. 

Thermochemistry  of  yeutralixation.  —  The  above  interpre- 
tation of  the  phenomena  of  neutralization  is  confirmed  by  many  facts. 
Thus  a  considerable  amount  of  -heat  is  liberated  in  neutrahzation. 
Now,  as  we  have  seen  (p.  388),  when  aettn  adda  (p.  373)  tad  baMs 
(p.  374)  In  dllut«  BoluUon  are  concerned,  it  is  found  that  the  quastltiw 
<tf  lieat  for  the  neutrahzation  of  the  same  amount  of  hydrogen-ion,  or 
hydroxide-ion,  are  always  the  mhw,  namely,  13,700  cal.  for  equiv- 
alent weights.  If  the  action  con^ted  primarily  in  the  formation 
of  a  different  salt  from  every  pair,  we  should  expect  the  heat  liberated 
to  be  different.  Thus,  the  heats  of  formation  of  dry  potassium 
'  chloride  and  dry  sodium  iodide  are  104,300  cal.  and  69,100  cal., 
respectively.  But  the  heats  of  formation  of  their  solutions  by 
neutralizing  the  proper  acids  and  bases  are  identical.  If,  however, 
in  such  cases,  neutralization  consists  always  amply  in  the  formation 
of  water,  we  should  expect  the  quantities  of  beat  liberated  to  be 
identical,  as,  in  fact,  they  are: 

H+  +  OH-  -^  H,0  +  13,700  cal. 

We  are  confirmed  in  these  conclusioos  whea  we  employ  concentrated  boIu- 
tiooa,  or  use  less  coitiplctely  ioniied,  or  insoluble  acids  and  baaea  for  neutraliia- 
tion.  With  such  substancca  —  and  they  are  in  the  majority  —  the  heats  of 
neutralization  are  not  alike,  but  different  in  every  case.  Thiu,  for  dilute  solu- 
tions of  sodium  hydroxide  and  hydrofluoric  acid,  the  latter  a  slightly  ionised, 
soluble  acid,  the  thermochemical  equation  is  as  follows: 

NaOH  +  HF  -.  HiO  +  NaF  +  16,270  cal. 

Since  the  sodium  fluoride  is  fully  ionized,  the  only  difference  between  this  case  and 
tba  preceding  one  is  that  the  hydrogen  fluoride  is  largely  in  the  molecular  ocMtdi- 
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tioD  to  start  with,  and  that  here,  in  addition  k>  the  union  of  hydrogen  and 
hydroxyl  ions,  we  have  a  continuous  disaooiatioa  of  the  hydrofluorio  acid  occtMn- 
paDying  the  neutraliftation.  The  fact  that  here  the  beat  produced  is  much  greater 
than  before,  shone  that  the  dissociation  of  this  acid  is  associated  with  the  produe- 
lum  of  heat  (tf.  pp.  305,  368).  When  the  same  base  is  used  with  hypochloroua 
add,  the  divergence  is  in  precisely  the  opposite  diiection  and  about  the  same  m 
amount: 

NaOH  +  HCIO  —  H.0  +  NaClO  +  9840  cal. 
Htre  agam  the  salt  produced,  sodium  hypochlorite,  is  fully  ioniaed,  so  that  the 
diminished  evolution  of  heat  must  be  due  to  the  fact  that  the  feebly  ionised 
hypochlorous  acid  (in  A^/10  solution,  only  0.0002  ionised)  ab*arb»  part  of  the 
heat  of  neutralization  in  pas^g  into  the  ionic  condition.  Applying  this  to  bases, 
we  find  that  the  neutraUzation  of  ammoniun^  hydroxide,  a  feebly  ionised  base, 
with  any  active  acid,  gives  a  heat  of  neutralization  below  the  normal: 

NH«OH  +  HCI  -.  H^  +  NH,a  +  12,200  cal. 
Here  again  the  salt  produced  is  fully  ionized.    Thus  the  ionisation  of  the  ammo- 
nium hydroxide  must  have  consumed  an  appreciable  part  of  the  heat  of  neutraliEa- 
tkMi  which  would  otherwise  have  reached  the  normal  figure  of  13,700  calories. 

Volutne  Change  in  Neutrtdiaation.  —  When  the  volumes  of  the 
solutions  of  active  acids  and  alkalies  are  carefully  measured  before  being  mixed, 
and  compared  with  the  volume  of  the  neutral  mixture,  an  expansion  is  always 
found  to  have  occurred.  When  one  liter  of  a  normal  solution  of  each  substance  is 
taken  at  starting,  the  volume  of  the  mixture  is  always  20  c.c.  greater  than  that  of 
the  component  hquids.  This  is  rather  remarkable,  because  the  chemical  change 
has  produced  only  18  c.c.  of  water,  yet  the  volume  of  the  water  appears  to  be 
20  C.c.  greats  than  that  of  the  ions  from  which  it  was  formed.  This  shows  that 
the  change  involves  more  than  the  mere  union  of  the  ions.  The  electric  charges 
on  the  ions  cause  a  high  internal  pressure,  called  alactrostricUon,  especially  in 
the  molecules  of  water  immediately  surrounding  each  ion,  and  the  liquid  is  com- 
pressed. When  the  ions  unite,  the  pressure  is  removed,  and  exponuon  occurs. 
When  less  highly  ionized  acids  and  bases  are  used,  the  alteration  in  volume  is 
irregular,  since  it  is  aSected  by  the  occurr^ice  of  other  changes  than  the  mere 
union  of  hydrogen-ion  and  hydroxide-ion. 

Interaction  of  Salts  voith  Adds  and  Bases.  —  When  a  highly 
iomzed  add  la  mixed  with  k  Mlt,  a  reversible  action  tending  to 
form  another  acid  and  salt  is  set  up.  Such  an  action  is  that  of  nitric 
acid  on  a  hypochlorite  in  dilute  solution: 

HNO,  +  KOCl  fcf  KNOi  +  HOCl, 

^ving  potaasium  nitrate  and  hypochlorous  acid.  In  such  a  case,  if 
the  products  are  both  as  highly  ionized  as  the  initial  substanoc^,  the 
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result  ifi  Edmilar  to  that  of  the  interaction  between  potasfflum  chloride 
and  sodium  nitrate  (p.  381).  *  No  deciEdve  change  takes  place. 

With  hypochloTOUS  acid,  however,  which  is  very  slightly  ionized 
(0.02  per  cent  in  N/IO  solution),  the  result  is  different: 

HNO.fc*NO,-+H+l    t,  HOT]  fdRlvd^* 

This  acid  is  promptly  formed  from  its  ions,  and  the  final  mixture  con- 
tains, mainly,  K+,  NOj"  and  molecular  HOCl.  Yet,  since  the  sub- 
stance is  soluble,  no  outward  evidence  that  the  action  differs  from  that 
of  potasaum  chloride  and  sodium  nitrate  is  visible.  The  conductivity, 
however,  is  found  to  have  been  greatly  reduced  when  the  solutions 
are  mixed  (p.  388),  because  half  the  ions,  including  the  most  rapidly 
migratii^  of  the  four  (hydrogen-ion),  have  been  removed  {p.  347). 
The  action  of  an  active  acid  upon  a  solution  of  sodium  peroxide 
(p.  315)  is  another  illustration  of  this  sort  of  action. 

When  the  molecules  of  the  resulting  acid  are  insoluble,  then  it  may 
be  precipitated  (c/.  silicic  acid),  after  the  manner  of  alver  chloride 
(p.  382),  or  may  escape,  if  an  insoluble  gas  (cf.  hydn^en  sulphide), 
irrespective  of  its  degree  of  ionization. 

In  the  same  way,  when  a  salt  and  a  ban  are  brought  together,  a 
base  and  a  salt  are  produced.  All  that  has  been  said  in  the  precedli^ 
paragraph  applies  to  this  case  also.  Thus  ammonium  hydroxide 
iq.v.),  which  is  a  feebly  ionized  base  (p.  370),  is  formed  on  this  plan, 
hy  mining  solutions  of  an  ammonium  salt  and  a  stnmg  base: 

NaOH  fc*  Na+  -|-  OH"  (  ^  t^ttt  ow  m-Itt^^ 
NH.C1  fc?  Cr -H  NH4+ n  ^^^^  ^^'^^- 

When  the  resulting  base  is  insoluble,  like  zinc  hydroxide,  it  is  pre* 
ci|Htated,  and  the  action  becomes  nearly  complete  on  this  account  and 
irrespective  of  the  degree  of  ionization. 

Interaction  ef  Saita  tcith  Water:  Hydraiyns.  —  The  natural 
ionization  of  water  is  very  slight,  but  there  are  cases  in  which  it« 
effects  become  noticeable,  and  the  interaction  of  its  ions  with  those 
of  dissolved  salts  cannot  be  n^lected.    For  example,  an  aqueous 

*  To  save  space,  this  mode  of  formulation  (p.  392)  will  be  used  when  there  is 
very  complete  union  of  only  one  pair  of  the  iona.  Here  the  K*  and  NOi~,  bong 
the  ions  of  a  salt,  combme  to  a  vciy  slight  extent  only. 
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adution  of  puie  cupric    sulphate  is  always  acid   and  therefore 
otHitains  exceea  of  hydrc%en-ion: 


CuS0,t5S0*=+Cu++J 
2HjO  ±9  2H+  +  20H-  ( 


TCu(OH),(ddvd). 


Cupiic  hydroxide,  beu^  a  very  feeble  base,  and  comparable  with 
water  itaelf  in  the  small  extent  to  which  the  sotveat  is  able  to  hold  its 
ions  apart,  is  formed  to  a  small  extent.  The  removal  of  some  hydrox- 
ide^on  by  this  means  enables  more  of  1^  water  to  diasooiate.  This 
in  turn  furnishes  the  material  for  the  productitai  of  more  cupric 
hydroxide.  The  action  does  not  proceed  very  far,  but  it  makes 
sufficient  progress  to  leave  a  perceptible  excess  of  hydrogen-ion  in 
the  liquid  and  to  give  it,  therefore,  an  acid  reaction.  The  hydrogen- 
ion  combines  slightly,  but  only  slightly,  with  the  sulphate-ion,  for 
sulphuric  add  is  a  highly  ionized  acid.  This  part  of  the  action  has, 
therefore,  been  left  out  of  the  diagram.  The  ordinary  equation  for 
this  change  would  be: 

CuSO*  +  H,0  Jrj  CuCOH),  -I-  H^04. 

The  hydrolyms  is  much  greater  with  sodium  sulphide  (,q.v.}  aqd  antir 
mony  trichloride  {q.v.). 

Again,  soap  solution  is  always  faintly  alkaline: 

The  sodium  pahnitate  ia  highly  ionized,  but  palmitic  acid  HCuHnCO* 
is  hardly  ionized  at  all.  The  final  result  is  the  production  of  a  rec<^- 
nizable  amount  of  hydroxide-ion  in  the  solution.  Thus,  a  salt  derived 
from  an  acid  and  a  base  of  very  different  degrees  of  activity,  whether 
it  is  the  base  (as  Cu(OH)i)  or  the  acid  (as  palmitic  acid  or  hydrogen 
sulphide,  q.v.)  which  is  the  weaker  member,  is  Ukely  to  be  more  or 
less  hydrolyzed  by  water.  In  the  former  case  the  solution  is  acid,  in 
the  latter  baffle  in  reaction.  When  both  the  acid  and  the  base  are 
weak,  the  hydrolysis  is  more  extenave.  Other  things  bdng  equal, 
salts  containing  bivalent  or  trivalent  radicals  are  more  noticeably 
hydrolyzed  than  are  those  composed  only  of  univalent  radicals. 

It  will  be  seen  that  hydrolyas  is  the  precise  reverse  of  neutralizar 
tion  (pp.  389,  395).  The  latter  being  almost  always  nearly  complete, 
the  former  must  be,  as  a  rule,  very  slight. 

Cases  of  this  kind  being  common,  we  are  thus  compelled  to  enlarge 
our  list  of  poMUde  components  In  the  Mlntlon  of  anj  nit  ((^.  375). 
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In  addition  to  the  molecules  and  ions  of  the  salt,  there  are  preeent, 
water  and  its  ions,  and  the  molecules  of  the  base  and  acid  formed  by 
the  union  of  the  latter  ions  with  the  former.  There  are  thus  no  less 
than  elcht  diff*r«&t  eompo&mts  in  the  mixture. 

Mixed  Iohoqens  ahd  Double  Smjk 
As  a  rule,  a  univalent  ion,  such  aa  chlorate-ion  C10i~,  unites  with 
one  kind  of  cation  to  give  but  one  kind  of  salt.  The  result  is  called 
a  neutral  or  nmnkl  Mlt,  as  KClOa  or  NaClOj.  The  acid,  chloric 
add,  is  called  a  monoba^  add,  for  ita  molecule  reacts  with  but  one 
molecule  of  a  base.  The  poe^bilities  are  more  numerous,  however, 
with  an  ion  of  higher  valence.    Thus: 

CumoHiTB-iOH  Mat  Qitb;  CAunmi-ioH  Mat  Giti: 

H,CO»,  the  acid,  Ca(OH),,  the  base, 

NajCOa,  a  neutml  salt,  CaCli,  a  neutral  salt, 

NaHCOi,  an  add  salt,  Ca(OH)Cl,  a  base  salt," 

NaKCOj,  a  mixed  salt,  CaCl(OCI),  a  mixed  salt. 

Carbonic  acid  is  a  di-badc  acid,  and  caJdum  hydroxide  a  di-add  base. 
The  last  two  compounds  of  each  set  are  mixed  ionogens.  Their  chaiv 
acteristic  is  that  they  contain  more  than  two  kinds  of  radicals  and 
breaJc  up  in  solution,  giving  more  than  two  kinds  of  ions. 

Add  SalU,  —  The  add  salts  may  be  obtained  by  using  half 
that  quantity  of  the  base  which  would  be  required  fully  to  neutralize 
the  add,  and  evaporating  the  resulting  solution: 

NaOH  +  H,SO*  *=»  HjOt,+  NaHSO,. 
With  a  monobasic  add,  say  hydrochloric  add,  this  treatment  gives 
simply  a  mixture  of  the  normal  salt  and  the  free  add,  and  not  a  dngle 
substance. 

Acid  salts  are  also  formed  by  the  interaction  of  other  salts  with  anv 
excess  of  the  add  (pp.  206,  207). 

The  acid  salt  is  intermediate  in  composition  between  the  acid  itself 
and  the  normal  salt.  AH  of  the  hydrt^en  of  the  acid  has  not  been 
displaced  by  the  metal.  It  is  named  an  add  salt  on  account  of  its 
compoEdtion,  but  is  not  necessarily  acid  in  ita  reaction  towards 
litmus.  That  depends  on  whether  its  solution  contains  a  suffident 
amount  of  hydrogen-ion  to  affect  indicators.  Sodium-hydrogen 
sulphate  gives  the  ions  Na+  and  HSOt",  but,  even  in  moderately  dilute 
*  Thu  p&iticular  baeio  salt  has  not  been  isolated  in  a  pure  state. 
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aotution,  the  latter  ion  is  further  dissociated  into  H'''  and  SO*^  to  a 
large  extent  (p.  367).  Its  solution  is  therefore  acid  in  truth.  On  the 
other  hand,  sodium-hydrogen  carbonate  NaHCOi,  derived  from 
carbonic  acid,  HjCOi,  gives  theions  Na^  and  HCO]~,  and  the  amount 
of  hydrogen-ion  formed  by  the  latter  is  too  email  to  be  detected  by 
indicators.  This  acid  salt  gives  therefore  a  solution  which  is  actually 
neutral  to  litmus.* 

Basic  Salts.  —  Corresponding  to  the  acid  salts  we  ■  have  also 
basic  salts,  about  which  statements  parallel  to  the  above  might  be 
made.  Thus,  from  sodium  hydroxide  but  one  salt  can  be  formed. 
With  lead  hydroxide,  Pb(OH)i,  however,  the  displacement  of  one 
hydroxyl  by  a  ne^tive  radical,  without  the  disturbance  of  the  other, 
is  conceivable  and  can  be  achieved.  The  half -chloride,  for  example, 
is  called  lead  oxychloride  Pb(OH)Cl.  The  basic  salts  are  usually 
insoluble  in  water,  and  therefore  as  a  rule  do  not  exhibit  the  ba«o 
reaction  with  litmus. 

Mixed  Salts.  —  So-called  mixed  si^ts,  like  sodium-potas^um 
carbonate  KNaCOj  (see  Silicates),  may  be  obtained  by  half  neutraliz- 
ing the  acid  with  the  calculated  amount  of  one  base  and  then  complet- 
ing the  operation  with  the  other.  Corresponding  treatment  will  give 
mixed  salts  of  a  di~acid  base. 

It  will  be  seen  that  2KNaC0j  is  equivalent  to  KsCOi,NaiCOj,  and 
that  2CaCl(0Cl)  is  equivalent  to  CaCli,Ca(OCl)j.  Since  we  have  as 
yet  no  general  means  of  determining  the  molecular  we^hts  of  solids, 
there  is  no  generally  applicable  way  of  deciding  which  formula  is 
preferable  (see,  however.  Bleaching  powder,  p.  475,  and  under 
Calcium).  In  solutions  of  these  salts  the  ions  which  are  found  might 
come  from  a  substance  possessing  either  of  the  alternative  formulae, 
BO  that  no  light  is  thrown  on  the  question  by  this  means.  Thus, 
most  compounds  of  this  Idnd,  with  the  exception  of  acid  and  ba^c 
Balts,t  are  considered  to  be  molecular  compounds  (p.  154)  of  two 
salts  and  are  classed  as  doubls  saltt. 

*  Because  of  hydrolyeis  (p.  398),  the  solution  of  the  "neutral"  salt,  sodium 
carbonate  NaiCOi,  is  actually  alkaline  in  reaction.  The  terms  "acid,"  "basic," 
and  neutral,"  applied  to  aalta,  refer  simply  to  the  composition  and  ignore  the 
behavior. 

t  The  formulffi  of  basic  salts  even  are  often  written  as  if  such  salts  were 
molecular  compounds,  as  Cu(OHji,GuCli,  <»  eveo  GuO,GuCli,HiO,  in  jdaoe  of 
Cu(OH)a  (see  Coppei'). 
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Double  Salta.  —  Substances  simiiar  to  ferrous-ammonium  sul- 
phate FeS04,(NH4)tS04,6H,0,  and  alum  iq.o.),  are  very  numerous. 
Because  their  formuls  can  be  written  so  as  to  show  two  complete 
salts,  and  because  they  are  easily  formed  by  crystalliiatioii  from  a 
solution  containing  both  salts,  they  are  called  donb^  Mlta.  In 
solution  they  are  resolved  into  their  constituent  salts,  and  these,  in 
turn,  are  ionized.  Almost  always  the  acid  radicals  are  identical 
(see,  however,  E^nite). 

Each  kind  of  ioa  of  a  double  salt  exhibits  its  own  properties,  irre- 
spective of  the  nature  of  the  numerous  substances,  ionic  and  otherwise, 
which  are  present.  Hence,  when  a  solution  of  a  particular  ionic 
material  is  required,  solutions  of  such  bodies  are  often  used  instead  of 
those  of  ampler  ones,  if  for  any  reason  tHe  substitution  is  convenient. 
The  choice  of  the  complex  compound  must  be  made  in  such  a  way 
that  the  other  ions  shall  not  interfere  with  that  particular  reaction  of 
one  of  them  which  is  in  question. 

The  class  of  bodies  known  as  saUa  of  complex  adds  (q.v.)  are  ion- 
ized like  ordinary  salts  and  not  like  double  £ult6. 

KiKDs  OF  Ionic  CHsincAL  Chanqii 
Rve  distinct  varieties  of  chemical  change  are  characteristic  of 
ionic  materials.  These  are:  (1)  Disunion  or  combination  of  ions, 
(2)  displacement  of  the  material  of  one  ion  by  another  substance,  (3) 
destruction  or  formation  of  a  compound  ionic  material,  (4)  change  in 
the  charges  of  two  ionic  materials,  (5)  charge  or  dischuge  of  two  ionic 
materials,  in  electrolysis.  Every  one  of  these  kinds  of  action  has  been 
illustrated,  some  of  them  very  frequently,  in  the  present  and  forgoing 
chapters. 

I.  DUunion  and  Comlrination  of  Ion*.  —  This  sort  of  change 
is  illustrated  every  time  an  ionogen  is  dissolved  in  water  (disunion)  or 
a  solution  of  such  a  substance  is  evaporated  (combination).  Both  of 
the  directions  of  this  sort  of  change  occur  also  to  a  greater  or  less 
extent  whenever  solutions  of  two  ion<^ns  are  mixed.  In  the  latter 
case: 

(1)  Two  salts  pve  two  salts  (pp.  380-382). 

(2)  Anacidand8aUgiveasaltandanacid(p.  397). 

(3)  A  base  and  salt  give  a  salt  and  a  base  (p.  398). 

(4)  An  add  and  base  ^ve  water  and  a  salt  (neutratization). 

-  (1)  is  complete  only  when  at  least  one  product  is  insoluble.  (2) 
and  (3)  are  complete  when  at  least  one  product  is  little  ionised  or 
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iuBoIuble  or  both.  (4)  is  abnost  always  complete  because  water  is 
generally  lees  ionized  than  any  other  aubstauce  in  the  syBtem. 

2.  Displacement  of  One  Ion:  Electromotttie  Series  of  the 
Metals.  —  The  displacement  of  bydn^n  from  dilute  adds  by 
metals  (p.  118)  now  appeals  in  a  new  light.  These  intenictions  do 
not  occur  in  the  absence  of  water  (p.  119).  The  action  will  be  formu- 
lated thus: 

Zn  +  2H+  +  S04=  ^  Zn-H-  +  SO*^  +  H^ 

The  Bulphat«-ion  SO*",  although  rinc  sulphate  is  somewhat  less  ion- 
ized than  sulphuric  acid,  is  not  much  affected  by  the  change  and  may 
be  omitted: 

ZD-H2H+-*Zn-^+-|-Hi. 

Thus,  this  action,  which  takes  place  in  the  same  fashion  with  most 
acids,  concerns  in  reality  only  the  hydrogen-ion  in  the  solution,  and 
is  independent  of  the  nature  of  the  ne^tive  ion.  True,  hydrogen-4on 
cannot  be  used  alone,  for  it  is  always  accompanied  by  some  negative 
radical.  But  the  latter,  like  the  vessel  in  which  the  experiment  is 
made,  is  part  of  the  necessary  apparatus,  and  not  an  intenusting  sub- 
stance. The  action  consiste  simply  in  the  transference  of  the  electric 
chaises  from  the  hydrt^en  to  the  zinc,  whereby  the  latter  becomes 
ionic.  The  discharged  hydrogen  is  liberated  as  gas.  The  speed  of 
the  action,  for  any  one  metal,  depends  on  the  concentration  of  the 
hydrogen-ion,  i.e.,  on  the  activity  of  the  acid.^  Hence  the  action  goes 
faster  with  hydrochloric  acid  than  with  acetic  acid.  When  the  .■ 
solution  is  evaporated,  the  ionogen,  in  the  above  case  zinc  sulphate, 
is  formed; 

Zn++-l-S04=->ZnS04. 
Similarly,  fiuorine  displaces  chlorine  from  chloride-ion  (p.  281), 
chlorine  displaces  bromine  from  bromide-ion  (p.  273) : 
Clj  +  2Br  -» 2Cr  +  Brj, 

and  bromine  displaces  iodine  from  Iodide-ion  (p.  279).  Each  of  these 
actions  is  independent  of  the  nature  of  the  other  ion  which  accom- 
panies the  one  undergoii^  change. 

The  same  sort  of  displacement  occurs  with  all  porative  ions.  Thus, 
zinc  will  not  only  displace  hydrogen,  but  also  other  metallic  elements, 
Uke  lead,  copper,  and  silver,  from  the  ionic  condition  in  solutions  of 
their  salts: 

Zn  +  Cu-H-  -*  Zn-H-  +  Cu  i  . 
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Here  the  copper  appears  as  a  red  precipitate.  Lead,  in  turn, 
wiU  displace  copper  and  silver,  but  not  zinc.  Copper  will  displace 
silver.  Thus  the  metals  can  be  set  down  in  an  order  such  that  each 
metal  displaces  those  following  it  in  the  list  and  is  displaced  by  those 
preceding  it.  This  list  (see  below)  is  known  as  the  electromoUTe 
htIm  of  the  metals,  because  in  electrolysis  of  normal  solutions  of 
their  salts,  the  electromotive  force  of  the  current  required  to  deposit 
each  metal  (cf.  p.  359}  is  less  than  that  for  the 
metal  preceding  in  the  list  (see  Chap,  XXXVIII). 
Thi^  list  embodies  many  facta  in  the  behavior 
of  the  metals,  and  should  be  k«pt  in  mind  m 
fumlBhing  ft  k«y  to  the  aoUona  in  whldi  a  tree 
matal  i>  us«d  or  producwL  For  example,  the 
chemical  activity  {p,  129)  of  the  free  metals 
places  them  in  the  same  order.  The  earliest 
ones  rust  much  more  readily  in  air  than  do  the 
later  ones,  provided  the  oidde  does  not  adhere  so 
firmly  to  the  surface  of  the  metal  {e.g.,  Al)  as  to 
protect  it  from  further  action  of  the  oxygen  in 
the  air.  Those  following  copper  do  not  rust. 
Conversely,  the  oxides  of  the  metals  down  to 
and  including  manganese,  when  heated  in  a 
stream  of  hydrogen,  may  fpve  lower  oxides,  but 
are  not  complet-cly  reduced  to  the  metallic  con- 
dition. The  oxides  of  cadmium  and  succeeding 
metals  are  easily  reduced.  The  oxides  of  mer- 
cury and  the  last  four  metals  are  decomposed 
by  heating  alone.  The  relations  of  the  metals 
in  respect  to  combination  with  elements  other 
than  oxygen  are  mmilarly  expressed  by  the  ar- 
rangement in  this  table. 

The  position  of  hydrogen  is  particularly  sig- 
nificant. It  will  be  noted  that  none  of  the  metals 
preceding  hydrogen  are  found  free  in  nature  as 
ordinary  minerals,'  while  all  of  the  metals  succeeding  hydrogen, 
although  occurring  to  some  extent  in  combination,  are  found  also 
free.  The  explanation  of  this  is  that,  by  prolonged  action  upon 
ordinary  water,  containing,  as  it  must,  carbonic  acid  and  other 
sources  of  hydrt^en   ions,    the   metals   preceding   hydrogen  must 

*  Free  lead  and  tin  do  occur  ax  rare  minerab.    Iron,  with  a  little  cobalt  and 

Dickd,  constituUH  many  meteoric  masses. 
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Copper 
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Silver 
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oventually  displace  the  hydrogen-ion  and  pass  into  3ome  form  of 
combination  (i^.  p.  403).  The  metals  following  hydn^n  do  not 
displace  hydrogen-ion  and  are  much  less  aSect«d  by  the  agencies 
which  are  moBt  active  in  the  chemical  trai^ormation  of  minerals. 
Hence  they  often  remain  in  the  free  state.  For  this  reason  gold, 
Miver,  and  copper  were  the  metals  first  used  by  man.  Iron  carae 
into  service  much  later. 

To  avoid  a  common  misconception,  it  must  be  noted  that  the  electromotive 
series  has  no  bearing  on  the  tendency  of  one  radical  to  dialo^e  another  in  doMe 
decomposUioni.  The  place  of  an  element  in  the  E.M.  eeries  defines  its  relative 
activity  token  free,  and  has  to  do  only  with  actions  where  one  free  eUmeTtl  (B»- 
places  (p.  129)  anotKer.  The  inlluencea  which  determine  a  double  decomposi- 
tion  (^.  pp.  208,  3S2-3S4)  are  such  as  the  insolubility  of  a  oompound,  and  have 
little  to  do  with  Che  chemical  activity  of  the  compounds  concerned  (p.  304)  and 
nothing  whatever  to  do  with  that  of  the  free  eiemente,  fur  these,  in  fact,  are  not 
preeeDt  at  all.  Thus,  when  silver  chloride  (insoluble)  is  placed  in  a  solution  <A 
potassium  iodide  KI,  it  is  quickly  converted  into  silver  iodide  Agl.  This  bap- 
peos  because  silver  iodide  is  still  more  insoluble  than  is  silver  chloride.  But  ftee 
chlorine  (the  gas)  will  quickly  displace  the  iodine  from  silver  iodide. 

The  negative  ions  can  be  arranged  in  order  in  a  similar  way. 

3.   Destruction  or  Formation  of  a  Compound  Ion.  —  The 

destruction  of  a  twmpoimd  ionic  material  is  observed  in  the  action  of 
any  reducing  agent,  such  aa  hydrogen  peroxide  (p.  320),  upon  a  dilute 
solution  of  a  permanganate.  The  compound  ion  MnOr  gives  by 
reduction  Mn++  and  water.  It  alno  occurs  when  charcoal  ia  added 
to  hydrogen  peroxide  solution  (p.  318),  for  the  ion  Oi"  of  the  peroxide 
gives  the  ion  O^  {or  OH")  of  water  and  free  oxygen: 

4H+  +  20i=  -*  2HiO  +  (h. 

The  converse  occurs  when  potassium  cyanide  is  added  in  excess  to 
a  solution  of  a  salt  of  silver.  First,  silver  cyanide  is  precipitated,  and 
then  this  compound  unites  with  the  excess  of  cyanide-ion: 

Ag+  -I-  NO,-  -H  K+  -I-  NC-  ti  K+  -I-  NOr  -i-  AgKCj , 
K+  -I-  NC-  -I-  AgNC  r^  K+  +  Ag{NC)r. 

The  product  is  the  soluble  potassium  argenticyanide.  It  ia  a  salt  of 
the  complex  acid  HAg(CN)!,  and  not  a  double  salt  (p.  402).  It  does 
not  decomp(»e  into  potaa'^um  and  silver  cyanides  and  their  ions  when 
in  solution,  for  the  second  action,  above,  is  not  appreciably  reversible. 
Actions  of  this  class  often  proceed  slowly,  so  that  their  speed  can 
be  measured. 
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4,  Change  in  the  Chargee  o§  Tvoo  lan».  —  A  decrease  in 
the  chai^  in  two  ions  probably  occurs  in  the  preparation  of  chlorine 
(p.  219).  The  decomposition  of  the  manganese  tetrachloride  takes 
place  by  the  aimultaneous  discharge  of  two  equivalents  of  electricity 
frtHu  the  quadrivalent  manganese  ion  and  two  chloride  ions: 

Mn++++  +  4a-  -» Mn++  +  201"  +  CI,. 

Both  this  sort  of  change  and  its  converse  are  common  with  ions  of 
metals  such  as  iron  and  tin  (^.f.),  which  have  more  than  one  valence. 

5.  C3targe  and  Discharge  t^  Two  Ions,  ElecUieally.  —  Dis- 
charge of  ions  is  brought  about  in  every  electrolysis  (p.  216).  Thus, 
when  l^rdroehloric  acid  is  decomposed  by  the  current^  we  have: 

2H-*-  +  29  -^  Hi      end      2C:-  J-  2©  -►  CI,. 
The  converse  takes  place  when  the  pslurizatxm  current  (p.  360)  is 
^owed  to  flow.     Both  charge  and  dischai^  occur  in  every  simple 
battery,  as  when  zinc  diasolves  in  dilute  sulphuric  acid  to  ^ve  sine 
sulphate  (pp.  29-30) : 

Zn  -^  Zn-H-  +  2G      and      2H+  -» H,  +  2®. 

The  creation  of  the  positive  charges  on  the  zinc^on  in  the  foimer 
of  the  two  equations  leaves  the  rod  of  nnc  negatively  charged. 
The  liberation  of  the  positive  charges  from  the  hydrogen  ions  in  the 
latter  renders  the  platinuin  wire  positive. 

Non-Ionic  Modes  of  FoBuma  Ionooens 

While  ionogens  may  always  be  made  by  the  union  of  the  proper 
ions,  they  must  nevertheless,  in  the  absence  of  the  solvent,  be  regarded 
as  chemical  Bubstonces  which  may  be  constructed,  and  very  frequently 
are  made,  out  of  their  constituents  without  reference  to  the  ionic  plane 
of  cleavage.  Thus  we  have  incidentally  observed  many  ways  in 
which  acide,  bases,  and  salts  may  be  prepared  that  do  not  involve  a 
union  of  the  constituent  ions  and  are  not  ionic. 

Acids  and  Bases.  —  Oxygen  aoicii  can  almost  all  be  prepared 
from  the  inlirdrlds,  that  is,  from  the  oxide  of  the  non-metal,  which 
is  not  an  ionogen,  and  water.  Phosphoric  acid,  sulphurous  acid 
(p.  149),  and  many  other  acids  are  so  formed.  The  hydrogen  hi^des 
are  all  producible  by  union  of  the  constituent  elements.  Some 
acids  are  formed  from  others  when  the  latter  are  exposed  to  l^ht. 
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RS  hydroohloric  add  from  hypochlorous  acid  (p.  223);  or  when 
heated,  as  ore  chloric  acid  from  hypochloroiiB  acid  (gji.),  and 
phosphoric  from  phoephoroua  acid  ig.v.).  Baaea  are  fonned  by 
the  um(m  of  oxidee  <^  metals  with  water  (p.  149). 

Salta,  —  The  dry  ways  of  fonning  salts  are  very  numerous. 
Thus,  many  are  fonned  by  direct  union  of  the  el^nents,  as  in  the 
case  of  chlorides  (p.  221),  sulphides  (p.  16),  and  cither  simple  salts. 
Many  are  made  by  reduction  or  oxidation  from  other  salts,  aa 
potassimn  chloride  from  potassium  chlorate  (p.  83),  or  potas^um 
perchlorate  (q.v.)  from  the  latter.  Often  a  reducing  or  an  oxidizing 
agent  is  used,  as  in  maldi^  sodium  nitrite  (q.v.)  from  the  nitrate,  and 
lead  sulphate  from  lead  sulphide  (q.v.),  no  solvent  being  preaeait. 
Almost  all  oxygen  salts  can  be  obtained  by  the  union  of  two  oxides, 
as  calcium  carbonate  {q.v.)  from  calcium  oxide  and  carbon  dioxide. 
Ammonium  salts  are  formed  by  combination  of  ammonia,  which  is 
not  an  ionogen,  with  anhydrom  acids  (p.  212). 

In  TMwtitantaiHwy  laUi,  aon-iiado  mathods,  like  the  above,  as  well 
as  those  invdving  ionic  actions,  ar«  vary  oommonlr  us«d.  In  each 
case  the  cheapest  and  most  ea^y  accessible  materials  are  chosen, 
and  the  least  expensive  operation  is  selected. 

NeutrsliEation  is  theoretically  the  mmpleet  ionic  way  of  getting  a  aalt,  because 
the  water  can  be  removed  by  mere  evaporation.  Yet  moBt  of  the  aaita  which 
are  on  the  nuarket  we  made  by  the  use  of  other  actions.  In  fact,  the  pure  bases 
and  acids  are  usually  too  eiqieiisive  to  be  utiiiied  as  sources  of  salts. 

The  commtMiest  definition  of  a  salt,  aa  a  substance  foimed  by  the  neutralisa- 
tion of  an  acid  by  a  base,  is  open  to  many  objections.  It  is  Ic^cally  defective 
because  it  does  not  describe  what  a  salt  is,  but  one  method  of  making  a  salt, 
which  is  an  mtrrdy  diffnent  matter.  It  is  unfortunate  in  its  <dioioe  amongrt 
pMsible  paralogisms,  because  neutralisation  is  more  ngnificant  as  a  m^od  <d 
forming  water  than  aa  a  means  of  preparing  a  salt.  And  finally,  as  we  have  jurt 
seen,  tbe  definition  has  not  even  the  excuse  of  practical  value,  for  most  salts  are 
nuuiufactuied  by  entirely  diS^mt  reactions. 

fixeretMS.  —  1.  Ufflng  the  data  in  regard  to  ionieatioD  (p.  367), 
formulate  other  diflsooations  according  to  the  models  on  p.  377. 

2.  In  the  case  of  the  green  solution  of  cupric  bromide  (p.  37d), 
explain  in  detail  (p.  359)  the  effect  of  the  addition  of  potassium 
bromide.    Formulate  the  action  (p.  380). 

3.  Give  a  list  (tf  all  the  coloriess  ionic  substances  you  can  think  of 
(p.  376). 
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4.  Formulate  fully,  according  to  the  diagram  on  p.  382,  the 
precipitation  of  barium  sulphate  (p.  385),  of  silicic  acid  from  sodium 
Bihcate  (p.  394),  of  zinc  hydroxide  from  zinc  sulphate  (p.  396),  of 
silver  chloride  from  silver  sulphate,  and  the  liberation  of  hydrogen 
chloride  by  phosphoric  acid  (p.  207). 

5.  Give  a  list  of  the  specific  physical  and  chemical  properties 
(p.  384)  of  iodide-ion,  sulphate-ton,  eupric-ion,  chloride-ion. 

6.  Formulate'  (p.  403)  the  displacement  of  iodine  by  bromine 
{p.  279),  and  of  bromine  by  chlorine  (p.  273). 

7.  Explain  the  acid  reaction  of  ferric  chloride  FeCl*  solution 
(p.  399). 

8.  Name  all  the  physical  components  in  aqueous  solutions  of  po- 
tas»um  hydroxide,  hydrogen  chloride,  and  sulphuric  acid  (cf.  p.  400). 

9.  Name  the  anions  and  cations  whose  formulae  are  used  on 
p.  375. 

10.  Formulate  (p.  403)  the  actions  of  iron  and  of  aluminium  on 
dilute  hydrochloric  acid. 

11.  What  is  the  molar  concentration  (p.  183)  of  hydrogen-ion 
in  iV/IO  hydrogen  sulphide  (p.  367)  and  in  N/IO  acetic  acid,  of  sodium- 
ion  in  N/2  sodium  chloride,  and  of  cupric-ion  in  A'^  cupric  nitrate? 

12.  Combiuii^  the  models  on  pp.  396  and  387,  formulate  the 
action  of  hydrochloric  acid  on  magnesium  hydroxide  and  on  zinc 
hydroxide. 

13.  Formulate  (p.  381)  and  discuss  the  action  of  sulphuric  acid 
upon  potassium  permanganate  (p.  320). 

14.  Formulate  (p.  387)  the  neutralizations  on  pp.  396-397. 

15.  What  do  we  infer  (p.  401)  from  the  fact  that  the  solution  of 
sodium  hydrogen  sulphide  NaHS  is  neutral? 

16.  Invent  an  interaction  of  two  soluble  salts  in  which  both 
products  shall  be  insoluble  (see  Table  <^  Sotubihties,  inside  front 
cover). 

17.  To  which  classes  of  ionic  actions  do  those  of  iodine  on  hy- 
drogen sulphide  (p.  278),  and  of  magnesium  on  cold  water  (p.  1151, 
belong?     Formulate  the  former  according  to  the  model  on  p.  403. 

18.  What  metals,  beside  platinum,  would  be  most  likely  to  form 
suitable  electrodes  for  an  electrolytic  cell  (p.  404)? 

19.  How  should  you  attempt  to  obtain  (p.  405)  a  pute  aqueous 
solution  of  the  acid  HAg{CN)i? 

20.  Formulate  (p.  406)  the  electroly^s  of  hydriodic  acid  and  that 
of  cupric  sulphate,  the  latter  between  copper  electrodes  (p.  360). 

21.  Give,  for  each  of  the  following,  two  definitions,  one  in  terms  of 
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experimental  facte,  the  other  in  terms  of  the  ions:  acid,  base,  salt, 
neutralization,  acid  salt,  mixed  salt. 

22.  Using  the  table  of  fractions  ionized  (p.  367),  prepare  liate  of 
the  pairs  of  ionic  substances  which  show  the  greatest,  and  the  least 
tendency  to  combine,  and  state  in  each  case  the  proportion  com- 
bining in  decinonnal  solution. 

23.  Id,  the  case  of  the  chocolate-brown,  concentrated  solution  of 
cupric  bromide  (p.  378),  explain  in  detail  what  would  happen  to 
the  system:  (a)  if  metallic  zinc  were  to  be  added  (p.  404);  (6)  if 
hydrogen  sulphide  gas  were  to  be  led  into  the  solution  (CuS  is 
insoluble).    Formulate  each  case. 

24.  What  is  implied  by  the  statements,  that  peroxides  are  salts 
and  that  hydrogen  peroxide  is  feebly  acid  (p.  393)? 

25.  Formulate  after  the  model  on  p.  398,  and  discuss  fully,  the 
interaction  of:  (a)  sodium  peroxide  and  hydrochloric  acid  (p.  315); 
(Jb)  barium  peroxide  and  sulphuric  acid. 

26.  For  the  neutralization  of  77  c.c.  of  a  certain  alkaline  solution, 
25  e.c.  of  normal  hydrochloric  acid  ■  are  required.  What  is  the 
normal  concentration  of  the  alkali?  If  the  alkali  was  sodium 
hydroxide,  what  weight  of  tbe  substance  was  present?  If  the  alkali 
was  barium  hydroxide,  what  weight  of  it  was  present? 

27.  What  would  be  the  behavior  in  a  conductivity  trough 
(Fig.  106)  experiment,  in  which  the  layers  were:  (o)  hydrochloric 
acid  and  sodium  acetate  in  equivalent  amounts,  before  and  after 
mixing;  (b)  hydrochloric  acid  and  sodium  peroxide?  Formulate 
both  (p.  387)  actions. 
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SVIiPHDE  USD  HYDBOOIN  SULPHiUB 

Occurrence.  —  Free  milphur  is  found  in  volcanic  T^ons  in 
Sicily,  where  it  is  mixed  witli  gypsum  and  other  minerals  and  occupies 
the  pores  of  pumice-stone.  Hocky  materials  accompanying  a  mineral 
in  this  way  are  called  the  matrix.  The  other  important  deposits  are 
in  Louisiana  and  in  Texas  (Brazonia  county).  There  are  many 
minerals,  compounds  contdmng  sulphur,  which  are  chiefly  important 
on  account  of  their  other  constituents.  Sulphides  of  metals,  such  as 
pyrite  FeSj,  copper  pyrites  CuFeSs,  galena  PbS,  zinc-blende  ZnS,  and 
sulphates,  like  gypsum  CaS04,2HiO,  barite  BaSOt,  and  celestite 
SrSO*,  are  fairly  plentiful.  The  deposits  of  free  sulphur  are  believed 
to  have  been  formed  mainly  from  gypsum,  by  reduction.  Sulphur 
is  a  constituent  of  the  proteins,  which  are  important  components  of 
the  structures  of  plants  and  of  animals. 

Manufacture.  —  In  Si<n1y  sulphur  is  obtuned  by  the  ample 
process  of|melting  it  away  from  the  accompanying  volcanic  rock  at  a 
low  temperature.  A  part  of  the  sulphur  itself  ia  burned,  to  obtfun 
heat  to  melt  the  rest,  because  no  coal  is  found  in  Italy,  and  fuels  other 
than  sulphur  are  locally  too  expensive.  The  hquid  sulphur  is  allowed 
to  run  into  wooden  molds,  in  which  it  solidifies  in  the  form  of  roll 
m^ihar,  or  roll  brinutoiM.  For  many  purposes  this  sulphur  is  suffi- 
ciently pure.  To  produce  the  best  quality  it  is  subjected  to  distilla- 
tion from  earthenware  retorts.  The  vapor  passes  into  a  large  brick 
chamber  and  condenses  upon  the  walls  and  floor  in  the  form  of  a  fine 
powder,  sold  as  flowers  <a  lulpbur.  When  the  chamber  has  become 
heated,  the  sulphur  condenses  in  the  form  of  a  liquid,  which  is  drawn 
off  and  cast  in  molds  as  before. 

In  Louisiana,  the  sulphur  forms  a  deposit  over  half  a  mile  in  diam- 
eter, below  900  feet  of  clay,  quicksand,  and  rock.  It  is  extracted  by 
the  Frasch  method,  by  means  of  borings  which  permit  four  pipes,  one 
within  the  other,  to  reach  the  deport.  Water,  previously  heated, 
under  pressure  to  170°,  is  pumped  down  the  two  outside  pipes  (6  and 
.8  inches  in  diameter).    After  time  has  been  allowed  for  the  melting 
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of  a  maae  of  the  Bulpfaur  (m.-p.  114.5°),  compressed  mr  is  forced  down 
the  innermost,  one4nch  pipe.  The  melted  sulphur  has  twice  the 
spedfic  gravity  of  the  water  in  the  outer  pipes.  But  the  mixtiu^  of 
air  and  sulphur  has  about  the  same  specific  gravity,  and  ao  flows 
freely  up  the  three-inch  pipe  surroundii^  the  air  pipe.  The  element 
flows  into  a  large,  wooden  enclosure,  in  which  it  solidifies,  and  is 
practically  pure  sulphur.  Each  well,  until  obstructed  by  cc41apee  of 
the  rock  and  quicksand  at  the  bottom,  produces  500  tons  a  day. 

The  greater  part  of  the  sulphur  of  commerce  formeriy  came  from 
Sicily,  where,  in  1898, 447,000  tons  were  manufactured  against  41,000 
tons  elsewhere.  The  whole  supply  of  the  United  States  (250,000 
tons)  is  now  obtained  from  Louisiana  and  Texas.  In  1913,  Sicily 
produced  407,307  tons  and  Japan  58,452  tons,  and  in  1914  an  island 
off  the  coast  of  New  Zealand  furnished  12,000  tons.  The  world's 
consumption  is  over  800,000  tons. 

Some  sulphur  is  also  obtained  from  the  exhausted  mateiial  used  in 
removii^  sulphur  from  illuminating-gas  during  its  purification. 

Physical  Properties.  —  The  chief  physical  peculiarity  of  sul- 
phur is  that,  instead  of  existing  in  three  familiar  pbymcal  states  only, 
like  water,  it  possesses  two  familiar  and  perfectly  distinct  solid  forms 
and  two  (Afferent  liquid  states  of  aggregation. 

1.  Bbombie  Sulphur.  Native  sulphur  is  yellow,  has  a  sp.  gr.  2.06 
and  melts  at  112.8°.  It  is  almost  insoluble  in  water,  but  dissolves 
freely  in  carbon  disulpbide  (41  parts  in  100  at  18°)  and  in  sulphur 
monochloride  iq.v.).  The  crystals  of  native  sulphur,  as  also  tht^e 
obtained  by  evaporating  a  solution,  belong  to  ttie  rhombic  syatem 
(Kg.  8,  p.  14).  Roll  sulphur,  and  most  specimens  of  flowers  of  sul- 
phur, are  the  same  substance,  although  the  crystals  in  thdr  growth 
have  interfered  with  one  another,  and  the  mass  is  crystalline,  simfdy, 
and  not  well  oTstalUMad.     This  variety  is  called,  from 

its  form,  rhombic  milphur.  This  form  is  stable  below 
96°.  Above  that  temperature  it  changes  slowly  into 
monoclinic  sulphur. 

2.  MonocUnlc  Sulphur.  When  a  large  mass  of 
melted  sulphur  solidifies  slowly,  and  the  crust  is 
pierced  and  the  remaining  liquid  poured  out  before 

the  whde  has  become  solid,  the  interior  is  found  to        pi    io». 
be  lined  with  long,  transparent  needles  (Fig.  109). 
Thb  kind  of  sulphur  is  nearly  colorless,  has  a  sp.  gr.  1.96,  melts  at 
119.25°,  and  is  in  all  physical  respects  a  different  individual  from 
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rhombic  sulphur.     This  variety  is  named,  from  the  system  to  which 
its  crystals  belong,  monoelinic  sulphur. 

Monoclinic  sulphur  can  be  kept  only  about  96"  and  below  its 
melting-point  (119.25°).  Every  recently  solidified  mass  of  sulphur 
is  compoaed  of  it.  But,  below  96°  the  mass  gradually  becomes 
opaque,  the  change  usually  spreading  from  the  points  at  which  it  has 
been  touched  and  finally  affecting  the  whole  mass.  The  opacity  is 
due  to  the  fact  that  the  material  has  turned  into  an  aggregate  of  small 
particles  of  rhombic  sulphur,  each  of  which  occupies  less  space  than 
the  monoclinic  sulphur  from  which  it  was  formed.  Conversely, 
rhombic  sulphur,  when  heatedabove  96'',but  not  as  high  as  its  melting- 
pointy  turns  slowly  into  monoclinic  sulphur.  Ck)ntact  with  a  piece 
of  monoclinic  sulphur,  or  mere  rubbing  with  a  hard  body,  will  deter- 
mine the  point  at  which  the  transfonuation  shall  be^pn,  and  the 
expansion  which  accompanies  this  results  in  a  spreading  opacity  as 
before.  The  delay  before  the  change  starts  and  the  effect  of  rubbing 
and  inoculation  are  familiar  in  connection  with  almost  all  changes  of 
state  (cf.  p.  194). 

Transitions,  marked  by  definite  points,  like  this  one  at  96°,  are 
attended  by  similar  phenomena,  whether  they  lie  between  two  solid 
states,  or  a  liquid  and  a  solid  state  (ice  and  water),  or  a  gaseous  and  a 
liquid  state  (steam  and  water).  Heat  is  given  out  when  we  pass  in  one 
direction  and  absorbed  by  passage  in  the  other.  The  rate  of  change 
of  vapor  pressure  with  change  in  temperature  (c/.  p.  200)  is  different 
on  each  side  of  the  transition  point.  A  body  which  has  two  solid 
states,  and,  therefore,  two  crystaUine /orm«,  is  said  to  be  dlmorphoua 
(two-formed),  and  one  with  more  than  two  such  states  polymocphoua 
(see  Ammonium  nitrate).  But  this  term  is  not  intended  to  imply 
that  the  relation  of  two  solid  states  to  each  other  is  essentially 
different  from  that  of  two  states  of  different  kinds,  such  as  solid 
and  liquid,  although  the  term  "polymorphous"  is  not  applied  to 
the  latter. 

3.  8x  and  S,;  Vapor.  When  melted  sulphur  is  heated,  it  under- ' 
goes  a  gradual  change,  which  is  especially  noticeable  near  160°. 
The  formerly  pale-7«llow,  mobile  liquid  (S^)  suddenly  becomes 
dark-brown  in  color  (color  chiefly  due  to  organic  impurities)  and  so 
viscous  (S^)  that  the  vessel  may  be  inverted  without  loss  of  material: 
Sx  F^  Sb-  The  liquid  is  a  mixture,  containing  increasing  proportions 
of  S,,  namely,  at  120"  3.6  per  cent,  at  160°  11  per  cent,  and  at  444.7° 
over  30  per  cent.  Beyond  260°  the  viscidity  becomes  less,  and  at 
444.7°  the  liquid  boils  and  passes  into  sulphur  npor. 
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Insoluble,  Amorphous  Sulphur  S^.  —  When  sulphur  which 
has  been  exposed  to  the  air  is  boiled  and  then  allowed  slowly  to  cool, 
the  product  is  crystalline  and  soluble  in  carbon  diaulphide,  as  before- 
But  when  such  impure  sulphur  is  boiled  and  then  ayddenly  chiUtd  by 
pouring  into  cold  water,  it  is  at  first  semi-fluid.  After  several  days 
this  plastic  sulphur,  as  it  is  called,  becomes  hard.  It  ia  then  found  to 
contain  rhombic  sulphur  mixed  with  about  34  per  cent  of  another 
variety  of  free  sulphur,  namely,  S^.  This  variety  is  almost  insoluble 
in  any  solvent,  and  so  may  be  secured  by  washing  the  mixture  with 
carbon  disulphide. 

This  fauolubl*  sulphur,  being  without  crystalline  structure,  ia 
called  also  amoiplioiu  (Gk.  i.  priv.,  fuy>^  form)  sulphur.  Now 
amorphous  bodies  (see  Glass)  are  always  supercooled  hquids,  that  is, 
liquids  still  existing  as  such  at  a  temperature  at  which  the  sohd,  ciya- 
talline  form  ia  the  stable  one.  They  have  been  brought,  by  cooling,  so 
rapidly  through  their  freezing-point,  that  crystallization  has  not  had 
time  to  begin  (qf.  p.  175)"  and  a  general  ri^<Uty  only  has  supervened. 
Now  amorphous  sulphur  is  viscous,  liquid  sulphur  S^  which,  by  sudden 
chilling,  has  be^i  carried  past  both  the  gradual  transition  to  mobile 
liquid  sulphur  8x,  and  the  crystallization  as  well,  without  undeiv 
goii^  either  of  these  changes.  It  ia  supercooled  Sg.  This  accounts 
for  the  fact  that  it  is  obtainable  only  by  rapid  cooling.  Once  the 
mixture  has  been  obtained  by  chilling,  the  insoluble  sulphur  reverts 
very  slowly  to  the  soluble  variety,  and  years  are  required  for  the  com- 
pletion of  the  reversion  at  room  temperature.  At  100°  the  reverdon 
is  completed  in  an  hour. 

The  capacity  of  the  S^  to  be  supercooled  at  all  seems  to  depend  on 
^the  preaeface  of  traces  of  foreign  bodies.  Of  these,  iodine  is  the  most 
'*'%fficient.  The  sulphuric  acid,  produced  by  prolonged  exposure  of  the 
sulphur  to  the  air  (see  below),  is  the  agent  usually  responsible  for  the 
supercooling.  Freshly  recrystnllized  sulphur  gives  no  plastic  sulphur 
and  no  insoluble  sulphur.  Destruction  of  the  trace  of  free  acid,  by 
leading  ammonia  gas 'through  the  boiUng  sulphur,  likewise  gives  a 
Uquid  which,  when  chilled,  yields  nothii^  but  crystalline  sulphur  [Lect. 
exp.].     Iodine  and  sulphuric  acid  are  n^ative  catalysts. 

Insoluble  sulphur  is  sometimes  found  in  flowers  of  sulphur  and 
always  in  sulphur  formed  by  precipitation  from  thiosulphates  {q.v.) 
in  present;^  of  acids. 

Chemical  Properties.  —  When  the  denrity  of  sulphur  vapor  is 
■ictennined  5t  lo™  +smDeratur™  w^  imder.  reduced  pressures,  the 
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molecular  weif^t  correspoiidB  closely  to  the  formula  Ss.  As  the  tem- 
perature is  raised,  however,  the  vapor  expands  very  rapidly,  and  at 
800°  the  molecular  weight  is  64.2,  and  the  formula  therefore  Sj. 
Intermediately,  mixturee  of  St,  S«,  and  9i  exist  (Preuner  and  Schupp). 
The  formula  of  dissolved  sulphur,  aa  measured  by  freesing-  aiid 
boiling-point  methods  (p.  335),  is  S«. 

We  do  not  T)rdinarily  think  of  sulphur  as  a  very  active  ch^nical 
substance,  but  this  is  largely  due  to  the  fact  that  its  solid  ooodition 
interferes  with  the  attainment  of  close  contact  with  the  body  upon 
which  it  acts.  It  is  really  very  active.  When  finely  divided  matals, 
with  the  exception  of  gold  and  platinum  (c^.  <p.  404),  are  nibbed 
together  with  powdered 'sulphur,  um<Hi  takes  place  and  sulphides  are 
produced.  Sulphur,  when  heated,  combines  with  great  vigor  with 
iron  (p.  16),  copper,  and  most  of  the  metals.  Sulphur  unites  also 
with  many  of  the  non-nutolB.  Thus  with  oxygen  it  produces  sulphur 
dioxide  (p.  88),  and  even  sulphur  tri(»dde  SOt.  It  unites  also  with 
chlorine  directly.  When  sulphur  is  treated  with  oxidizing  agents  in 
presence  of  tmiter,  no  trace  of  sulphur  dioxide  (or  sulphurous  add) 
is  formed;  the  only  product  is  sulphuric  acid  (see  p.  446).  'Evesa  the 
oicygen  in  the  air  slowly  oxidizes  sulphur,  with  the  help  of  atmospheric 
mOTSture,  to  give  sulphuric  add,  2S  +  2HiO  +  30i  -♦  2H»S04.* 

Uses  of  Sulphur.  —  Lsj^  qu:mti'oie8  of  crude  sulphur  are  &a- 
ployed  for  making  sulphur  dioxide,  which  is  used  in  the  manufacture 
of  sulphuric  acid,  in  bleaching  feathers,  r.traw,  and  wool,  in  preparing 
dried  fruits,  and  in  making  alkali  sulphites  for  employment  in  the 
bleaching  industry  and  In  paper-making.  The  manufacture  of  carbon 
disujphide  consumes  much  sulphur.  Purified  sulphur  b  emploj^  in^ 
the  manufacture  of  gunpowder,  fireworks,  matehes  and,  by  combim^ 
tion  with  rubber,  of  vulcanite.  Flowers  of  sulphur  is  used  in  vineyards 
to  destroy  fungi,  which  it  does  by  virtue  of  the  traces  of  sulphuric  add 
it  yidds  by  oxidation. 

Htdsoqen  Sulphide  H^S. 

This  compound  is  found  in  some  mineral  waters,  which  in  conse- 
quence are  known  as  sulphur  waters.  It  is  produced  in  the  decompo- 
dtjon  of  animal  matter  containing  sulphur  (protdns),  when  lur  is 
exduded,  and  the  odor  of  rotten  eggs  is  due  in  part  to  ite  ^Tes^ice. 

*  The  parograph  on  the  chemical  relations  of  ibe  dement  (see  end  of  this 
chapter)  should  be  read  at  tins  point. 
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Preparation.  —  1.  Hydrogen  and  sulphur  do  not  unite  percep- 
tibly in  the  cold.  At  310°  almoBt  complete  union  occurs,  but  about 
168  hours  (7  days)  are  required  for  the  change. 

2.  SulphideB  of  metals,  being  salts,  are  acted  upon  more  or  leea 
easily  by  dilute  acids  (p.  397),  and  give  hydrt^n  sulpliide.  Ferrous 
sulphide,  the  least  expensive  of  those  easily  affected,  is  generally  used: 

FeS  +  2HC1  ->  HiS  +  FeClj. 

For  hydrochloric  acid  we  may  substitute  an  aqueous  solution  of  any 
actave,  nofwundmnff  acid  (seep. 416).  AKipp's  apparatus  (p.  119)  is 
commonly  employed.  The  theory  of  this  action  is  discussed  later 
(see  p.  419). 

3.  Hydrc^en  sulphide  is  the  invariable  product  of  the  extreme  re- 
duction of  any  sulphur  compound.  Thus,  it  is  formed  by  the  action 
of  hydrogen  iodide  upon  concentrated  sulphuric  acid  (p.  277).  Even 
sulphur  itself  is  reduced  by  dry,  gaaeoua  hydrogen  iodide: 

2HI  +  S->HtS  +  I,. 

The  action  appears  to  be  just  the  reverse  of  that  which  takes  place  in 
aqueous  solution  {p.  278),  but  in  reality  is  quite  different.  lodiDe  and 
gaseous  hydrogen  sulphide  will  not  produce  free  sulphur  and  gaseous 
hydrogen  iodide,  for  this  action  would  involve  a  considerable  increase 
in  ener^  in  the  system.  But,  in  water,  they  do  pve  hydrogen-ion 
and  iodide-ion,  for  these  bodies  contain  very  much  less  enei^y  than 
does  hydrogen  iodide: 
2H+-|-S=-|-Is-*2H+-|-Si-|-2I-  or  S= -|- 1, -» S  i  +  2r . 
i  is  simply  an  ionic  displacement. 


^^isMticviit 


Phyneal  Properties.  —  Hydn^en  sulphide  is  a  oolorless  gaa 
with  a  characteristic  odor.  When  liquefied,  it  boils  at  —62°,  and  in 
solid  form  melts  at  —83°.  At  12°  the  liquid  exerte  a  pressure  of 
15  stmoei^eres.  The  solubility  in  water  at  10°  is  360  volumes  in  100, 
and  becomes  less  as  the  temperature  is  raised.  The  gas  can  be  driven 
out  completely  t^  bcHling  the  solution  {(^.  p.  211).  The  gas  is  very 
poisonous,  one  part  in  two  hundred  being  fatal  to  mammals,  and  more 
thfm  once  fatal  accidents  have  occurred  in  chemical  laboratories. 

CheniAal  Propertiea  of  the  Gas.  —  When  heated,  the  gas  dia- 
sociates,  and  ie  therefore  not  wrj  itable: 
H,S?±H»-H3. 

I      Mz,,!:,.,  Google 


416  INORGANIC  CHEMISTRY 

At  310°  the  decomposition,  although  very  slow,  aSects  a,  am&U  but 
perceptible  proportion  of  the  gas  before  coming  to  rest.  The  <Ussoci- 
ation,  like  most  thermal  dissociations,  is  accompanied  by  an  absorp- 
tion of  heat  and  is  therefore  greater  at  higher  temperatures  (qf.  p.  305) . 
The  gas  bums  in  »lr,  forming  steam  and  sulphur  dioxide.  The 
temperature  of  the  mantle  of  flame  surrounding  the  gas,  as  it  issues 
from  a  jet,  being  far  above  310°,  the  gas  in  the  interior  is  dissociated 
'  E  it  meets  with  any  oxygen.  Hence  a  cold  dish  held  across  the 
flame  {Fig.  110)  recdves  a  deposit  of  free  sul- 
phur, and  a  part  of  the  hydrogen  is  also  liable 
to  escape  unbumt.  It  may  be  remarked  that 
dissociation  of  this  kind  probably  precedes  the 
combustion  of  most  gaseous  compounds  (see 
Flame). 

The  metals,  down  to  and  including  diver  in 
the  electromotive  series,  when  exposed  to  the 
gas,  quickly  receive  a  coating  of  sulphide.  The 
tarnishing  of  silver  in  the  household  is  probably 
due  to  a  trace  of  hydrogen  sulphide  in  the  il- 
luminating gas  which  escapes  from  slight  leaks  in  the  pipes.  That 
the  gas  should  thus  behave  like  free  sulphur  shows  its  Instability. 

This  instability  is  shown  also  in  the  fac(  that  its  hydrogen  rediiCM 
substances,  such  as  sulphur  dioxide,  which  are  not  affected  by  free 
hydrogen : 

2HiS-|-SOj-»2H»0  +  3S. 

This  action  takes  place  much  more  rapidly  when  the  gases  are  moist 
than  when  they  are  dry  {p.  97),  and  is  retarded  by  dilifti^wiU^^ 
indifferent  gases  {(f.  p.  291).  Native  sulphur  is  occaeiona^T  P^^^B 
duced  by  this  action  (see,  however,  p.  410,  par,  1),  as  both  of  these 
gases  are  found  issuing  from  the  ground  in  volcanic  neighborhoods. 
Sulphur  is  deposited  also  when  hydrc^en  sulphide  imdei^oes  a  partial 
combustion  with  a  restricted  supply  of  oxygen;  2HiS  +  0i— ► 
2H^  -I-  2S. 

When  hydrogen  sulphide  gas  is  led  through  concentrated,  or  even,   - 
simply,  normal  sulphuric  acid,  the  acid  is  reduced,  sulphur  dioxide 
escapes,  and  sulphur  is  deposited; 

H^  +  H,SO,  -» S  +  2HjO  +  SO,.  # 

The  sulphuric  acid  may  be  written  HjO.SOj.    In  furnishing  90i, 
therefore,  each  molecule  can  give  one  unit  of  oxygen  and  therefore 
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(flddue  one  moleoule  of  HiS  (see  p.  426),  On  account  of  this  action 
the  gas  cannot  be  dried  by  means  of  concentrated  sulphuric  acid. 
Calcium  chloride  is  Ukewise  inappHcable,  since  a  partial  iaterchange 
takes  place,  resulting  in  the  production  of  calcium  sulphide  and 
hydn^en  chloride  gas.  Only  a  dehydrating  agent,  euch  as  phos- 
phoric anhydride,  with  which  it  cannot  interact,  is  suitable  for  diying 
the  gas. 

A  CharaeterUtic  ^f  Reduction  and  Oxtdatian.  —  In  the  first 
of  the  three  actions  last  mentioned,  it  will  be  seen  that,  while  the 
SOj  was  reduced  to  8,  at  the  same  time  HiS  was  oxidized  (to  S).  In 
the  second  action,  HtS  was  oxidized  to'S,  and  d  was  rediuxd  to 
2HtO.  In  the  last  action,  HjS  was  oxidized  to  S,  and  HjSO*  was 
reduced  to  S0|.  It  is  a  characteristic  of  such  actions  that  one  sub- 
stance is  oxidized  and  another  reduced:  oxidation  and  reduction 
always  occur  together,  in  the  same  reaction.  Here,  under  hydrogen 
sulphide,  we  speak  of  its  redticing  effect  on  sulphur  dioxide,  or  on 
sulphuric  acid.  Under  sulphur  dioxide  and  sulphuric  acid,  however, 
we  should  speak  of  the  oxidizing  effect  of  the  substance  on  hydrogen 
sulphide. 

Chemical  Propertteg  of  the  Aqueoua  Solution  of  Hydrogen 
Sulphide,  —  While  the  gas  itself  is  not  an  acid,  its  solution  in 
water  gives  a  fMbl«  add  reaction  with  litmus,  and  is  sometimes 
named  hTdroiulphurio  acid  H2S,  Aq.  The  conductivity  of  a  N/10 
aqueous  solution  is  small,  and  only  0.0007  (0,07  per  cent)  of  the 
substance  is  ionized: 

HiS  fc5  H+  +  HS-  (fc?  H+  +  S=). 
Some  iS^  ions  are  present.  But  hydrosulphide-ion  HS~,  although 
an  acid,  is  less  dissodated  than  is  water  itself,  and  the  amount  of 
sulphide-ion  is  therefore  very  small.  The  salts  of  hydrosulphide- 
ion,  such  as  NaHS  (sodium  acid  sulphide,,  see  next  section),  give 
th^^ore  neutral  solutions.  This  behavior  is  the  rule  with  the 
add  salts  of  feeble  dibasic  acids  (p.  401). 

As  an  acid,  the  solution  of  hydrc^en  sulphide  may  be  neutralized 
by  bases.  For  the  same  reason  it  enters  into  double  decomposition 
with  salte  (see  next  section). 

By  tl^AACtion  of  oxtkaa  from  the  air  upon  an  aqueous  solution  of 
hydrogen^ilphide,  the  lulphur  la  slowly  dlspUcvd  and  appears  in  the 
form  of  a  fine  white  powder : 

0,  +  2H,S-»2Si-t-2H,O. 
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This  is  an  action  similar  to  the  displacement  of  ionic  iodine  by  free 
chlorine  (p.  279).  .  On  the  other  hand,  the  hydrogen  may  be  displaced 
by  metala,  particulariy  the  more  active  ones,  but  the  amall  d^iee  of 
ionization  makes  the  action  very  slow. 

The  solution  of  the  gas  is  a.  roducdnc  ac>nt,  as  it«  action  upon 
iodine-  shows  (p.  278).  So,  also,  in  presence  of  an  acid^  it  removes 
oxygen  from  dichromic  add,  produced  by  the  action  of  an  a<nd  upcm 
'  potassium  dichromate: 

K,Cr,Oj  +  2HC1  ^  HiCftOr  +  2KC1  (1) 

HjCrA  +  6HC1  -» 4H,0  +  2CrCU  (+  30)  (2) 

(30)       +  3H,S  ->  3HtO  +  38 (3) 

Adding :  K,Cr,07  +  8HC1  +  3H,S->2KC1  +  2CrCIt  4-  7Hrf>+3S 
The  first  partial  equation  (c/.  p.  269)  represents  the  regular  interaction 
of  two  ionogens,  but  the  second  interaction  does  not  take  place  miless 
an  oxidizable  body  '(here  the  hydrogen  sulphide)  is  present  to  take 
posses^n  of  the  oxygen  which  it  is  capable  of  delivering  {qf.  p.  320). 
This  action  illustrates  the  decomposition  of  a  compound  ion  (p.  405). 
Here  CrjOr"  gives  chromic-ion  Cr*-'-''  and  water. 

Sulphides.  —  As  a  di-ba«c  acid  (p.  372),  hydrogen  sulphide 
gives  both  acid  and  normal  (or  neutral)  sulphides,  such  as  NaHS  and 
Na^. 

The  add  sulphides  are  obtained  by  pas^g  the  gas  in  excess  into 
solutions  of  soluble  bases: 

H,S  +  NaOH  -*  HiO  +  NaHS, 
and  are  neutral  in  reaction.     Thdr  n^ative  ion,  HS~,  gives  practically 
no  bydrc^en-ion  (see  preceding  section).* 

By  adding  to  the  above  solution  an  amount  of  sodium  hydroxide 
equal  to  that  used  before,  and  driving  off  the  water  by  evaporation, 
the  second  unit  of  hydn^eh  is  displaced,  and  normal  ("neutral") 
sodium  sulphide,  in  solid  form,  is  obtained: 

NaOH  +  NaHS  t?  Na,8  +  H,0  t . 
This  action  is  wholly  reversed  when  dry  sodium  sulphide  is  dissolved 
in  water,  the  salt  being  completely  bydrolyzed  to  the  add  salt: 
Na^i=t2Na+  +  S=  )  ^„^  _ 

H.Oi=;OH-  +  H*   (  •  .  • 

*  In  pwnt  of  fact,  A'/IO  sodium-hydn^en  eulphide,  at  25°,  ia  alighUy  hydro- 
lyaed  (0.14  per  cent,  Jamee  Walker),  and  gives  therefore  a  faint  alkaline  reaotion 
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The  HS~  gjves  &  lower  concentration  of  hydrogen-ion  than  does  the 
water,  and  hence  uses  up  in  its  formation  the  ions  of  hydrogen  pro- 
duced by  the  latter  untU  an  amount  of  hydroxyl  equivalent  to  half 
the  sodium  is  formed.  The  abbreviated  equation  shows  this  more 
clearly: 

S=  +  H+  +  OH-  -» HS-  +  0H-. 
The  solution  is  therefore  strongly  alkaline  in  reaction.     In  gsuBnl, 
a  normal  sslt  dnived  from  an  actlra  but  and  a  w««k  add  is  li;dro- 
Ijxsd  to  some  extent  by  water  and  gives  an  alkalins  wdution. 

In  the  abbreviated  formulation  used  above,  the  union  of  Na+ 
and  0H~  to  form  NaOH  is  not  shown,  because  it  is  slight  in  dilute 
solution  and  does  not  affect  the  result.  The  union  of  S~  and  H"*" 
to  form  HS~  is  alone  shown,  because  it  is  extensive  and  significant. 
To  save  space,  this  plan  will  be  used  in  future,  where  the  same  situa- 
tion exists. 

The  soluble  acid  sulphides  are  ozldlsod  in  aqueous  solution  by 
atmoBpheric  oxygen : 

2NaSH  +  0,  -*  2NaOH  +  2S. 

The  sulphur  is  not  precipitated,  but  combines  with  the  excess  of  the 
sulphide,  forming  polysulphides  (see  below).  Some  sodium  thic^ 
sulphate  is  produced  at  the  same  time. 

The  Action  of  Acids  on  Insoluble  Sulphides.  —  The  inters 

action  of  sulphides  and  acids  is  itself  so  important  a  matter  in  chemis- 
try, and  is  so  similar  in  theory  to  many  other  kinds  of  actions,  that 
special  attention  should  he  given  to  it.  The  common  method  of 
preparing  hydn^^  sulphide  from  ferrous  sulphide  affords  a  suitable 
illustration. 

Since  ferrous  sulphide  is  but  slightly  soluble  in  water,  the  action 
proceeds  by  a  rather  complex  series  of  equiUbria: 
FeS  (solid)  £T  FeS  (dslvdj  ^  Fe-n-  -t-  S=  (  .    „  „  , ,  .    ..    .  „  „  .^. 
2HC1 15  2C1-  +  2H+  (  ^  ^^  ^^™'  ^  ^^  ^^^'^ 

It  will  be  seen  that  a  number  of  reversible  changes  are  involved, 
and  the  question  is:  Why  does  the  reaction  proceed  forward,  as  it 
does?  To  answer  this  question,  a  consideration  of  each  (tf  the 
equilibria^sparately,  is  required. 

1.  The  dissolved  hydrogen  sulphide  isvery  feebly  ionized,  and 
mainttuns  a  smaller  concentration  of  sulphide-ion  S~  than  does 
ferrous  sulphide,  in  spite  of  the  comparative  insolubility  of  the 
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latter.  Hence,  the  S~  formed  from  the  FeS  ia  continuously  re- 
moved by  union  with  the  hydrc^en-ion  furnished  by  the  acid,  S~  + 
2H'''  ^  "BS,  and  all  the  other  equilibria  are  constantly  disi^aced 
forward  on  this  account.  The  action  ie  therefore,  in  essence,  like 
neutralization  (p.  3S7). 

It  will  be  observed  that  the  action  takes  place  on  account  of  the 
feeble  ionization  of  the  weak  add.  We  should  therefore  say  that  the 
weak  add  vnihdrates,  and  not,  as  is  sometimes  done,  that  the  strong 
acid  drives  it  out. 

Since  the  action  is  an  ionic  one,  the  acids  must  be  employed  in 
dilute  form.  This  is  true  especially  of  oxygen  adds.  Thus,  concen- 
trated sulphuric  acid  has  little  action  upon  ferrous  sulphide  in  the 
cold,  and  when  the  substances  are  heated  the  oxygen  of  the  sulphuric 
add  comes  into  play,  and  sulphur  dioxide  iq.v.)  and  free  sulphur  are 
formed. 

2.  The  union  of  S=  and  2H+  depends  on  the  magnitude  (rf  the 
product  of  their  concentrations  (p.  359),  [S=]  X  IH+l  X  [H+],  or 
[S^]  X  [H+]*.  Hence,  althoi^h  [S~]  is  minute,  on  account  of  the 
insolubility  of  FeS,  [H''']  is  large  on  iccount  of  the  great  dissociation 
of  the  HCl  and  the  fact  that  a  strong  solution  of  the  add  can  be  used. 
Thus  the  product  may  be  large  enough  for  the  purpose, 

3.  When  a  still  less  soluble  sulphide,  like  cupric  sulphide 
CuS,  is  employed,  the  concentration  of  the  sulphide-ion  [S^]  is  too 
small  t«  play  its  part  and  the  action  makes  almost  no  progress.  In 
this  case,  a  concentration  of  H"*",  sufficient  to  raise  the  product  to 
the  necessary  value,  cannot  be  obt^ned  with  any  add. 

4.  The  fact  that  hydrogen  sulphide  is  fsjrly  soluble  (3.6  vols.  :  1 
vol.)  hinders  the  action.  It  prevents  that  free  escape  of  one  prod- 
uct which  is  so  constantly  a  factor  in  promoting  reversible  chemical 
changes.  Thus,  if  cadmium  sulphide  CdS,  which  lies  between 
ferrous  and  cupric  sulphides  in  solubility,  is  employed  along  with 
rather  dilute  hydrochloric  add,  a  concentration  of  hydrc^en  sul- 
phide suffident  to  stop  the  action  accumulates  before  the  liquid  is 
saturated  with  the  gas,  and  the  latter  can  be^n  to  escape.  There 
are  then  two  ways  of  making  this  action  continuous.  Either  stronger 
hydrochloric  acid,  giving  a  higher  concentration  of  H'*',  may  be  used 
to  force  the  formation  of  more  HjS  (by  union  of  2H+  and  S~),  or  the 
reverse  action,  due  to  accumulation  of  HiS  (dslvd),  may  beAninished 
mechanically  by  leadi:^  air  through  the  mixture  (p.  189)  and  so 
removing  the  hydrogen  sulphide  as  fast  as  it  is  formed.  Either  plan 
will  cause  complete  interaction  with  the  cadmium  sulphide. 


SDLPHDR  AND  HYDROGEN  SULPHIDE  421 

CUut^ication  of  /ruoluble  Sulpiudea.  —  In  analytical  chem- 
istiy,  advantage  is  taken  of  the  different  solubilities  of  the  sulphides, 
for  the  purpose  of  identifying  the  metaUic  elements,  and  of  separating 
mixtures  contwnii^  several  such  elements.  Three  classes  are  dis- 
tinguished, 

1.  The  sulphides  of  alver,  copper,  mercury,  and  some  other 
metals  are  exceedingly  insoluble,  and,  therefore,  do  not  interact 
with  dilute  acids  as  does  ferrous  sulphide  (p.  420).  These  may 
therefore  be  made  by  leading  hydrt^en  sulphide  into  solutions  of 
tb^  salts: 

CuSO*  +  H^  t*  CuS  i  +  HSOt. 
The  acid  produced  has  scarcely  any  effect  upon  the  sulphide,  and 
almost  no  reverse  action  is  observed.     In  this  action  the  sulphide- 
ion  is  the  active  substance  and,  by  its  remov^,  all  the  equilibria 
are  displaced  forward. 

2.  The  sulphides  of  iron,  zinc,  Mid  certain  other  metals  are  insol- 
uble in  water,  but  not  so  much  so  as  the  last  class.  Hence  they  are 
decomposed  by  dilute  acids,  and  the  reverse  of  the  above  action 
takes  place  almost  completely.  These  sulphides  must  therefore  be 
made,  either  by  combination  of  the  elements,  or  hy  adding  a  soluble 
sulphide  to  a  solution  of  a  salt: 

FeSO*  -f-  (NH^tSfc^FeS  I  +  (NH^iSO,. 
No  acid  is  produced  in  this  sort  of  interaction,  and  the  coo^derable 
insolubihty  of  the  sulphide  of  iron  or  zinc  in  water  renders  the  change 
nearly   complete.     The   solubility  of   cadmium   sulphide   (p.   420) 
places  it  between  this  group  and  the  previous  one. 

3. .  The  sulphides  of  barium,  calcium,  and  some  other  metals 
ig.ti.),  although  insoluble  in  water,  are  hydrolyzed  by  it,  and  ^ve 
soluble  products,  the  hydroxide  and  hydrosulpbide: 

2CaS  +  2HsO  fcf  Ca(OH),  -|-  Ca(SH)i. 
They  may  be  prepared  by  direct  union  of  the  elements,  and  from 
the  sulphates  by  reduction  with  carbon.     But  they  are  not  pre- 
cipitated by  hydrogen  sulphide  or  ammonium  sulphide. 

Polysulphidea.  —  When  sulphur  is  shaken  with  a  solution  of  a 
soluble  a|b>hide  or  acid  sulphide,  such  as  sodium  sulphide,  it  dis- 
solves, aSa  evaporation  of  the  solution  leaves  residues,  varyir^  in 
composition  from  Na«Si  to  "SaSt.  These  appear  to  be  mixtures 
composed  mainly  of  Na^S  and  Na^Si. 
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When  an  acid  is  poured  into  sodium  polyaulphide  solution, 
minute  spherules  of  rhombic  sulphur  are  precipitAted: 

Na^S,  +  2HC1  -*2NaCl  +  HiS  t  +33^. 

This  precipitate  has  been  called  "soluble  amorphous  sulphur."  It  is 
certainly  all  soluble  in  carbon  disulphide,  but  the  particles  rotate  the 
plane  of  polarization  of  polarized  light  (A.  Smith),  and  are  therefore 
crystals.  Insoluble  amorphous  sulphur,  in  appreciable  quantities, 
cannot  be  obt^ned  under  any  conditions  from  polysulphides.  It  is 
obtained  by- adding  sodium  thiosulphate  solution  .to  concentrated, 
active  acids. 

When  the  order  is  reversed,  sodium  pentasulphide  being  thrown 
into  concentrated  hydrochloric  acid,  no  hydrc^en  sulphide  is  evolved. 
Hrdrogsn  pentuulphldo,  HiSt,  a  yellow  oil,  falls  to  the  bottom  of  the 


The  Chemical  Relations  cf  the  Element.  —  In  combination 
with  metals  and  hydn^n,  sulphur  is  bivalent,  forming  compounds 
like  H^,  FeS,  CuS,  and  H^,  In  combination  with  non-metals,  how- 
ever, the  valence  is  frequently  greater,  the  maximum  being  seen  in 
sulphur  trioxlde,  where  we  must  assume  that  the  sulphur  is  sexivalent. 
Its  oxides  are  acid-forming,  and  it  is,  therefore,  a  npn-metal. 

Sulphur  is  regarded  as  resembling  oxygen  more  closely  than  any 
of  the  other  elements  we  have  studied  so  far.  Both  unite  directly  with 
most  metals  and  non-metals.  In  this  they  are  like  chlorine.  But  hy- 
drogen chloride  is  highly  ionized  by  water,  while  the  hydrogen  com- 
pounds of  oxygen  and  sulphur  are  feebly  ionized.  The  formulie  of  the 
compounds  of  oxygen  and  sulphur  with  metals  are  similar,  CuO  and 
CuS,  NaOH  and  NaSH,  and  so  forth,  but  this  is  in  part  due  merely  to 
the  fact  that  both  elements  are  bivalent.  The  chemical  resemblance 
of  sulphur  to  selenium  and  tellurium  {q.v.)  is  much  more  strikii^  than 
ita  resemblance  to  oxygen. 

Exercises.  —  1.  The  freezing-point  of  pure  sulphur  is  found  to 
vary  from  119°  down  to  114°,  depending  upon  the  temperature  to 
which  the  liquid  has  been  heated  and  the  speed  with  which  it  has  been 
cooled.     To  what  should  you  attribute  tlds  variabiUty? 

2.  .How  could  the  decomposition  of  hydrogen  sulphide^  310°  be 
rendered  (a)  more  complete,  (6)  leas  complete?  Would  the  percentage 
decomposed  be  affected  (a)  by  reducing  the  pressure,  (b)  by. mixing 
the  gas  with  an  indiSerent  gas? 
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3.  What  are'the  relative  volumes  of  the  gases  (p.  259)  in  the 
action  <rf,  (a)  hydn^en  iodide  and  sulphur,  (6)  hydrogen  sulphide 
and  sulphur  dioxide? 

4.  To  what  classes  of  ionic  actions  (p.  402)  do  the  interactions  of 
hydrogen  sulphide  solution  and  (a)  oxygen  (p.  417),  (!>)  acidified 
potaasiuui  dichnnnate  (p.  418),  (c)  sodium  hydroxide  (p.  41S),  (d) 
iodine  (p.  278),  belong? 

5.  Why  is  normal  sodium  sulphide  only  half  hydrolyzed  by  water? 

6.  Formulate  completely,  after  the  model  on  p.  419,  the  actions 
of,  (a)  hydn^en  sulphide  and  cupric  sulphate  solution;  (b)  am- 
monium sulphide  and  ferrous  sulphate.  In  efich  case  explun  which 
equilibrium  determines  the  directicm  of  the  action. 
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CHAPTER  XXI 

TBI  oznns  AND  ozraKH  acids  or  sulfhub 

FolTH  oxidea  of  sulphur,  represented  by  the  fonnulse  SiOi,  SC^ 
SO*,  and  SiOr,  are  known.  Of  these,  however,  the  first  and  the  laat 
are  much  less  familiar  substances  than  the  other  two.  The  dioxide 
and  trioxide  of  sulphur  are  not  only  important  in  themselves,  but 
their  relation  to  the  acida  H^Oi  and  HtSO*,  which  may  be  obtained 
from  them  by  the  addition  of  water,  makes  them  doubly  so  to  the 
chemist. 

The  Preparation  qf  Sulphur  Dioxide  SOt.  —  1.  When  sul- 
phur bums  in  air  or  oxygen,  sulphur  dioxide  is  produced  (p.  88). 

■2.  The  larger  part  of  the  sulphur  dioxide  used  in  commerce  is 
probably  obtained  by  the  routiiw  (calcinlitg)  of  sulphur  ores.  Pj^te 
FeSi,  for  example,  which  is  a  familiar  yellow,  metallic-looking  mineral, 
can  be  burnt  in  a  suitable  furnace  on  account  of  the  lai^  amount  of 
Eulphur  which  it  contains: 

4FeS,  +  110,^ 2FesO,  +  8S0,  t  ■ 

The  gas,  although  mixed  with  a  great  amount  of  nitrogen  wbudi 
entered  aa  part  of  the  air,  can  be  used  to  make  sulphuric  acid. 

It  should  be  noted,  in  passing,  that  heating  and  roasting  or  oal- 
cnning  are  distinct  processes  in  chemistry.  Boastinc  or  ealdnliic 
always  assumes  the  access  of  the  air  and  employment  of  its  oxygen; 
heating,  in  the  absence  of  modifying  words,  assumes  the  excluEnon  or 
the  chemical  indifference  of  the  air. 

3.  In  the  laboratory,  a  steady  stream  of  gas  is  obtained  by 
allowing  hydrochloric  acid  to  drop  upon  solid  sodium  acid  sul- 
phite, or  concentrated  sulphuric  ficid  to  trickle  into  a  40  per  cent 
solution  of  the  same  salt  (Fi^.  41) : 

"■^hSSS- +  {P°"' !  ''H^O-^aO  +  so, (dslvd)  tlSO,(ga=). 

The  sulphurous  acid  being  only  moderately  ionized,  its  molecules  are 
formed  in  con^derable  amount.    Being  also  unstable,  it  decompoBes 
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spontaneously  into  water  and  sulphur  dioxide,  and  the  latter  escapes 
when  sufficient  water  for  its  solution  is  not  present. 

4.  Sulphur  dioxide  can  also  be  made  by  the  reduction  of  con- 
centrated sulphuric  acid  by  copper  at  a  high  temperature.  Copper  is 
the  metal  most  commonly  employed,  because  by  its  means  very  pure 
sulphur  dioxide  can  be  obtained.  More  active  metals,  such  as  iron 
and  zinc,  although  cheaper,  cannot  be  used,  since  they  reduce  the 
sulphuric  acid  to  hydrogen  sulphide.  The  undiluted  hydr<%en  sul- 
phate  consists  entirely  of  molecules  and,  at  the  high  temperatiu^s  at 
which  alone  the  action  is  vigorous,  is  an  oxidizing  agent  (cf.  p.  119). 
A  part  of  the  acid  loses  oxygen  to  fonn  water  with  the  hydrogen 
of  another  molecule: 

HiSO*  -►  H,0  +  SO,  (+  0)  (1) 

(O)  +  HtSO.  +  Cu  -*  HiO  +  Cu80«  (2) 

2H,S04  +  Cu  -+  2H,0  +  SOi  +  CuSO* 

Some  ea^ly  oxidized  non-metals,  such  as  carbon  and  sulphur,  act  in 
the  same  way: 

C  +  2H,S04  -^  2H,0  +  2S0,  +  CO,, 

S  +  2H,S0«  -» 2H,0  +  3S0,. 

Making  Equations  by  Positive  and  Negative  Valences, — 

Equations  like  the  foregoing  can  be  constructed  also  by  assuming 
that  each  element  iA  a  compound  is  either  positive  or  negative, 
^|d^^  marking  the  valences  accordingly  (for  details,  see  p.  493). 
TholPui  sulphuric  acid,  we  have  2H+  {positive,  univalent)  and  4CP 
(each  bivalent  and  negative).  Since  the  numbers  of  poative  and 
n^atJve  valances  must  be  equal,  and  we  have  2®*  and  80,  it 
follows  that  the  sulphur  carries  6®,  S+t+. 

Now  when,  in  making  the  experiment,  we  find  the  products  SO, 
and  CuSOi,  we  may  infer  that  the  hydrogen  formed  water.  We 
infoir,  also,  that  to  obtain  two  compounds  containing  sulphur,  at 
least  2H,S0«  was  required.  We  then  note  that  the  S  in  SO,  is  quad- 
rivalent. Hence  S+++  beciune  Si+  and  2®  were  released.  The 
metallic  copper  used  was  free  and  without  valence,  and  became 
CUSO4,  in  which  it  is  Cu"*^.  It  obtained  the  2©  from  the  sulphur. 
The  action  can  therefore  be  analyzed  as  follows: 

*  The  BignB  ®  aad  @  stand  for  quantities  of  electricity  equal  to  those  car- 
ried  by  one  Bquivblent  of  tm  ionio  subetauce,  and  therefore  lequired  for  its  di>- 
cha^e  wad  liberation. 
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[2H+ + s:::  +  40=]  -» [stj  +  20=] + (2h+ + 0=1 + 0= + 2® 

First  BSOi  SOi  HiO  Balance 

Tbe  second  HjSO*  pves  [2H+  +  80,=].     The  Cu  takes  the  2©  ^ving 
Cu++,  and  this  with  the  804=  pves  CuSO*.    The  2H+  takes  the  0= 
from  tbe  balance,  givii^  HiO.    Thus,  the  whole  balance  is  used  and 
the  products  are  accounted  for.     Tbe  equation  must  therefore  be: 
2HiS0*  +  Cu  -» SOt  +  2H,0  +  CuSO*. 

It  will  be  noted  that  the  two  molecules  of  sulphuric  acid  play  different 
rdles.     Only  one  of  them  is  used  in  oxidizing. 

Similarly,  with  sulphuric  acid  and  carbon,  the  same  analysed 
equation  applies.  The  carbon  ^ves  COt.  Thus,  the  carbon  goes 
from  C  to  C++.  To  obtain  tbe  i®,  2H^0t  is  required  (equation 
above).    Hence, 

2H,S0,  +  C  -♦  CO,  +  2S0»  +  2H,0. 

When  hydrogen  sulphide  is  led  through  concentrated  sulphuric 
acid,  the  latter  is  reduced  to  sulphur  dioxide,  and  the  former  is 
oxidized,  ^ving  free  sulphur  (p.  416): 

2H+  +  8=  +  2©  -»  2H+  +  S"  i  . 

Since  this  action  requires  2®,  and  sulpnuric  acid  in  ^ving  SOi 
delivers  2®,  it  follows  that  1H,S0(  will  decompose  IH^: 
H^0,  +  H^-*2H,0  +  S"i  +S0,. 

Finally,  when  HI  with  sulphuric  aeid  (p.  277)  gives  free  iodine 
(P),  and  HiS  (2H+  +  S=),  evidently  S+++  in  sulphuric  acid  gives  up 
8®,  becoming  S=: 

[2H+  +  Sttt  +  40=]  -»2H+  +  S=  +  40=  +  8® 
and  [H+  +  I"]  +  ©  -*H+  +  I". 

Evidently,  1H,S0»  giving  8®  will  interact  with  SHI,  chanpng  81" 
into  81".    Hence, 

H^O*  +  SHI -♦  4H,0  +  HjS  +  8P. 

The  reader  should  practice  the  use  of  this  method  by  making  the 
equations  for  the  actions  of  zinc  (p.  119)  and  of  hydrogen  bromide 
(p.  272)  upon  sulphuric  acid.  • 

Physical  Properties.  —  8ulphur  dioxide  is  a  gas  possessing  a 
penetrating  and  characteristic  odor.    This  is  frequently  spoken  of  as 
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the  "odor  of  sulphur,"  but  it  should  be  remembered  that  sulphur 
itself  has  scarcely  any  smell  at  all.     The  weight  of  the  G.M.V.  of 
the  gas  (65.54  g.)  shows  it  to  be  more  than  itoice  as  heavy  as  air.     The 
critical  temperature  is  156°.     By  means  of  a    _ 
freezing  mixture  of  ice  sjid  salt  (Fig.  HI),  the 
gas  is  easily  condensed  in  a  U-tube  to  a  trans- 
parent, mobile  Jluid,  which  boils  at  —8°.    At 
20°  the  vapor  tension  of  the  liquid  is  3.25  atr 
mospheres,  so  that  the  liquid  is  handled  and 
sold  in  glass  syphons,  or  in  sealed  tin  cans.     The 
liquid  may  be  frozen  to  a  white  solid,  melting  at 
—76°.    It  ionizes  substances  dissolved  in  it  as 
well  as  does  water  (c/.  p.  357).    The  solvbility 
of  the  gas  in  water,  5000  volumes  in  100,  is  very 
great.    Unlike  solutions  of  the  hydrc^en  balides 
(p.  211),  however,  the  liquid  is  completely  freed  from  the  gas  by 
boiling. 

Chemical  Properties,  —  Sulphur  dioxide  is  itabla,  being  de- 
composed only  by  the  use  of  a  very  high  temperature. 

It  unltM  wltb  msUr  to  fonn  sulphurous  acid,  HiSOi,  which  is 
unstable  and  exists  only  in  solution.  Although  the  gas  itself  some- 
times receives  this  name,  it  is  not  acid:  it  is  simply  the  anhydride 
(p.  150)  of  the  add.  The  only  compound  of  SOi  and  HiO  that  has 
been  isolated  is  a  solid  hydrate  S0s,7H!0. 

Since  the  maximum  valence  of  sulphur  is  6,  sulphur  dioxide,  in 
which  but  four  of  the  valences  of  sulphur  are  used,  is  unsaturated. 
It  is  therefore  still  able  to  combine  directly  with  suitable  elements, 
such  as  chlorine  and  oxygen.  When  it  is  mixed  with  chlorine  in  sun- 
light, a  liquid,  lulphur^  chloride  SOtCh,  is  produced. 

Liquefied  sulphur  dioxide  is  now  sold  in  tin  cans,  and  is  employed 
for  bleaching  straw,  wool,  and  silk.  As  a  disinfectant  it  has  been 
displaced  to  a  large  extent  by  formaldehyde. 

The  lAqu^fiabilttiea  of  Gasea.  —  It  will  as^st  us  in  recalling 
which  gases  are  bard  to  liquefy  and  which  easy,  if  we  memorize 
the  fact  that  Faraday  (from  1823  to  1845)  liquefied  most  of  the  fa- 
miliar gaaes  and  f^led  only  with  three,  namely  bydrogeii  (c.t.  —242°), 
oo^nen  (c.t.  —113°),  and  nitrogen  (c.t.  -146°).  These,  with  nitric 
ozlde  NO  (c.t.  -93.5''),  carbon  monoxide  CO  (ct.-40°),  methane 
CH|  (c.t.  —99°),  and  the  six  Inert  gMes  (p.  9),  are  the  ones  which 
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have  low  critical  temperatures   i<f.  p.  166}   and  are  dUbmlt  to 

Of  the  gases  fre  have  studied,  the  ones  which  are  more  or  less 
awlljliauvflodare:  hydroK«i>  obloiide  (c.t.  +52°),  bromide,  and  lodidt, 
chlorine  (c.t.  +141°),  osone,  bydrc^mi  sulphide  (c.t.  +100°),  sn^nr 
dioxide  (c.t.  +154°). 

The  Solubilities  of  Gases,  —  For  the  purpose  of  rememberiDg 
the  solubilities  of  gases  in  water,  it  is  convenient  to  divide  the  gases 
into  three  cUsiea.     The  following  are  the  ones  we  have  studied; 

1.  SUchtlf  soluble:  OzTtren  (4  vol.  :  100  at  0°),  bydrogan  (2  :  100 
at  0°). 

2.  Soluble:  Chlorine  (2.6  vol.  :  1  at  10°),  faydiogan  nilphide 
(4.4  : 1  at  0°). 

3.  Verr  Mluble:  ^drogen  chloride  (505  vol.  :  1  at  0°),  bnnnide 
(404  :  1)  and  iodide  (1570  :  I),  nilphor  dloxlda  (69  :  1  at  0°). 

Preparation,  of  Sulphur  TrU>xide  S(h,  -^  Although  the  forma- 
tion of  sulphur  trioxide  SOg  is  accompanied  by  the  liberation  of  much 
heat,  sulphur  dioxide  and  oxygen,  even  when  heated  together,  unite 
very  slowly.     Ozone,  however,  combines  with  the  former  readily. 

The  interaction  of  sulphur  dioxide  and  oxygen  is  hastened  by 
many  substances,  such  as  glass,  porcelain,  ferric  oxide  and,  more 
especially,  finely  divided  platinum,  which  remain  themselves  un- 
changed and  simply  act  as  catalytic  ^ents.  The  <Kmtact  [>roceu, 
as  this  is  called,  has  been  rendered  available  for  the  commercial 
manufacture  of  sulphur  trioxide  by  Knietsch  (1901).  The  chief 
features  of  the  process  are:  (I)  The  complete  removal  of  arsenious 
oxide,  dust,  and  other  impurities  derived  from  the  calcining  of  pyrite 
or  some  other  mineral  sulphide,  the  minutest  traces  of  which  "poison  " 
the  catalytic  agent  and  soon  render  it  absolutely  inoperative.  (2) 
The  preliminary  passage  of  the  cold  mixture  of  gases  over  the  out^de 
of  the  pipes  containing  the  contact  agent.  This  removes  part  of  the 
heat  generated  by  the  action,  SOi  +  0  «=*  SO,  +  22,600  cal.,  going 
on  inside,  and  keeps  the  temperature  of  the  interior  at  400°.  Below 
400°,  the  union  is  too  slow;  above  400",  the  reverse  action  is  strength- 
ened (van't  Hoff's  law,  p.  305),  and  the  imion  is  incomplete.  At  400°, 
98-99  per  cent  of  the  materials  unite;  at  700°,  only  60  per  cent,  at 
900°  practically  none.  Twice  the  quantity  of  oxygen  theoretically 
needed  is  employed. 

The  vaporous  product,  mainly  1  vol.  O*  to  2  vol.  SOt  (gas),  ia 
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condensed  by  being  led  into  97-99  per  cent  sulphuric  add,  and  the 
concentration  of  the  liquid  is  constantly  maintuned  at  this  point  hy 
the  r^ulated  influx  of  water.  Oleum  (9.11.)  is  also  made  by  omitting 
to  add  water.  The  trioxide  is  thus  chiefly  used  for  immediate  con- 
venaon  into  sulphuric  add. 

The  process  may  be  illustrated  by  placing  some  platinized  a»- 
bestoB^  in  a  tube  (Fig.  88,  p.  217),  which  is  gently  warmed,  and  in- 
troducing oxygen  and  sulphur  dioxide  through  the  limbe  of  the 
Y-tube.     Dense  fumes  appear  at  the  exit  (see  next  par.). 

It  would  seem  to  be  simpler  to  dissolve  the  gaseous  sulphur  tri- 
oxide  in  water,  to  pve  sulphuric  add  HjO  +  SOj  —*  HjSO*,  rather 
than  in  98  per  cent  sulphuric  add,  but  this  cannot  be  done.  The 
mixture  0»  +  2S0i  is  very  incompletely  absorbed  by  water.  When 
a  bubble  of  this  mixture  enters  water,  the  latter  evaporates  in  the 
attempt  to  saturate  the  space  occupied  by  the  bubble  with  water 
vapor  (p.  145  and  Appendix  IV).  The  water,  however,  combines 
with  the  sulphur  trioxide  to  form  a  fog,  consisting  of  droplets  of  liquid 
sulphuric  acid,  and  so  more  and  more  water  evaporates  into  the 
bubbles.  The  molecules  of  SO*,  so  long  as  they  remain  gaseous,  move 
with  great  velocity,  namely  292  meters  per  second  at  room  tempera- 
ture, and  still  faster  in  this  hot  gaseous  mixture.  Hence,  all  the 
molecules  that  escape  combination  with  the  water  vapor,  strike  the 
wall  of  the  bubble,  and  combine  with  the  water  in  a  few  seconds.  The 
droplets  of  sulphuric  add,  forming  the  fc«,  however,  are  not  mole- 
cules but  lai^  a^regates  of  molecules.  They  do  not  therefore  move 
like  the  molecules  of  a  gas,  but  are  at^olutely  stationary.  Hence, 
after  the  gaseous  sulphur  trioxide  has  dissolved,  the  droplets  of  fog, 
carried  by  the  excess  of  oxygen,  can  be  bubbled  through  a  whole  series 
of  vessels  of  water  in  succesdon  without  any  appreciable  number  of 
the  droplets  being  dissolved.  The  same  fog  can  be  shaken  in  a  flask 
with  water,  violently  and  continuously,  without  any  appredable 
solution.  When  the  wat«r  is  thrown,  by  the  shaking,  through  the 
oxygen,  the  oxygen  is  split  up  by  the  water,  and  driven  about,  but  the 
fog  partides  move  with  the  oxygen,  so  that  the  water  never  reaches 
them.  On  the  other  hand,  when  the  mixture  of  gases  bubbles 
through  98  per  cent  sulphuric  add,  as  is  done  in  pmctice,  there  is  no 
water  avMlable,  the  sulphur  trioxide  remains  gaseous,  and  its  rapidly 
movii^  molecules  in  a  few  seconds  have  all  plunged  into  the  sulphuric 
add  and  combined  with  it,  either  uniting  with  the  1-3  per  cent  of 

*  Asbestos,  dipped  in  a  solution  of  chloropktinic  acid  and  heated  in  the 
Bunaenfltune:  HJUIii -'Pt  +  2HaT+ 2CI,T. 
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water  present,  or,  when  oleum  is  mfl,de,  unitii^  with  the  sulphuric 
acid  to  form  pyrosulphuric  acid;  SOj  +  H^O*  — *  HiS*Oj. 

This  case  affords  an  a,dmirable  illustration  of  the  importance  of 
physics  in  practical  chemistry  (p.  40).  The  chemical  reaction  occurs 
with  water,  but  the  physical  condition  of  the  fog  of  sulphuric  acid 
prevents  its  dissolving  and,  if  water  were  used  in  a  factory,  a  lai%e 
proportion  of  the  sulphuric  acid  would  pass  with  the  excess  of  oxygen 
into  the  sir  and  be  lost.  In  fact,  it  would  kill  vegetation,  and  make 
life  unbearable  in  the  neighborhood.  It  is  stated  that  the  inventor 
of  the  contact  process  spent  a  year  of  time,  and  much  money,  in 
trying  to  find  some  way  of  using  water  to  absorb  the  gas.  Yet  ten 
minutes'  consideration  of  the  physical  situation  would  have  shown 
that  this  was  impossible,  and  the  rest  of  the  year  could  have  been 
devoted  to  other  work  that  offered  some  prospect  of  successful 
results. 

Formerly  sulphur  trioxide  was  obtained  by  the  distillation  of 
impure  ferric  sulphate,  Fej(SO*)»  —*  FeiOj  +  3S0».  It  may  also  be 
prepared  by  repeated  distillation  of  concentrated  sulphuric  acid  with 
a  powerful  drying  agent,  like  phosphoric  anhydride. 

'  Physical  Properties.  —  Sulphur  trioxide  SOj  is,  at  ordinary 
temperatures,  fluid.  The  crystals,  obtained  by  cooling,  melt  at  14.8°, 
The  liquid  boils  at  46°,  and  ia,  therefore,  exceedingly  volatile  at  ordi- 
nary temperature.  It  fumes  strongly  when  exposed  to  the  air,  in  con- 
sequence of  the  union  of  the  vapor  with  moisture  and  the  production 
of  minute  drops  of  sulphuric  acid. 

A  white  ctystallioe  variety  of  the  substance,  which  in  appearance 
closely  resembles  asbestos,  is  obtained  when  a  trace  of  water  has 
gained  access  to  the  o:dde.  The  substance  is  dimorphous  (p.  412). 
When  heated  to  50°,  this  passes  into  vapor  of  S0»  without  melting. 
This  white  solid  is  the  more  stable  and  more  fanuliar  form  of  the 
trioxide. 

Chemi/Ml  Properties.  —  The  vapor  of  sulphur  trioxide,  when 
heated,  dlHodatos  into  sulphur  dioxide  and  oxygen  (400°,  2  per  cent; 
700°,  40  per  cent). 

Sulphur  trioxide  is  not  itself  an  acid,  but  it  is  the  anhrdridA  of 
sulphuric  acid.  When  placed  in  water  it  unites  vigorously,  causing 
a  hissing  noise  due  to  the  steam  produced  by  the  heat  of  the  union. 
In  consequence  of  its  great  tendency  to  combine  with  water,  the  liquid 
variety,  which  is  the  more  actjve,  removes  the  elements  of  this  sub- 
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stance  from  materials  which  contain  them  in  the  proper  proportions. 
Thus  paper,  which  is  lately  cellulose  (CgHn^),,  and  sugar  CuHnOn, 
are  charred  by  it,  and  carbon  is  set  free. 

Just  as  sulphur  trioxide  unites  with  water  to  give  hydrogen  sul- 
iriiate,  so  it  oombliws  vigorously  with  many  oxidM  of  mataU,  produ- 
cing tJie  corresponding  sulphates: 

HjO  +  80,  t?  HtSOi,        CaO  +  S0»  -» CaSO*. 

The  union  of  an  oxide  of  a  non-metal  with  the  oxide  of  a  metal,  in 
this  fashion,  b  a  general  method  of  obtaining  salt^  (c/.  p.  407). 

Oxygen  Adds  cf  Sulphur.  —  Sulphurous  and  sulphuric  acida 
have  been  mentioned  frequently  already.  Next  to  them  in  importance 
oome  thiosulphuric  acid  and  persulphuric  acid.  The  compositions  of 
the  acids  show  their  relationships:  ^ 

Hyposulphurmts  acid,  H^Ot.  Sodium  hyposulphite,  NatStO*. 

Sulphurous  acid,  HiSOi.  Sodium  sulphite,  NaiSOi. 

Sulphuric  acid,  HiSOt.  Sodium  sulphate,  Na^O*. 

Thiosulphuric  acid,  HtSiOj.  Sodium  thiosulphate,  Na«SiOt. 

Feisulphuric  acid,  HiSiOg.  Sodium  persulphate,  Na«StO». 

Thiosulphuric  acid  (Gk.  6&iy,  sulphur)  is  so  named  because  it  con- 
tfuns  one  unit  of  sulphur  in  place  of  one  of  tiie  units  of  oxygen  of 
sulphuric  acid.  Note  that  when  the  names  of  the  acids  end  in  oua 
and  ic,  the  names  of  the  salts  end  in  He  and  ate,  respectively.  Besides 
the  above  we  have  also  the  polythiomc  acids,  namely:  Dithionic  acid 
H^iOs,  trithionic  acid  H&Os,  tetrathionic  acid  HStOt,  and  penta- 
thionic  acid  HiStOg. 

On  account  of  its  commercial  importance  and  the  interest  attach- 
ing to  its  method  of  manufacture  and  to  its  properties,  we  may  first 
discuss  sulphuric  acid.  We  shall  then  be  able  to  dispose  of  the  re- 
maining adds  in  a  much  briefer  fashion. 

SuLPHDRic  Acid  HjSOj 

Although  salts  of  sulphuric  acid,  such  as  calcium  sulphate,  are  ex- 
ceedingly [dentiful  in  nature,  the  preparation  of  the  acid  by  chemi- 
ca]  action  upon  the  salts  is  not  practicable.  The  sulphates,  indeed, 
interact  with  all.  acids,  but  the  actions  are  reversible.  The  comple- 
tion of  the  action  by  the  plan  used  in  making  hydrogen  chloride 
(p.  206),  involving  the  removal  of  the  sulphuric  add  by  distillation, 
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would  be  difficult  on  account  of  the  invoIatiUty  of  this  acid.  It  boils 
at  330°;  and  suitable  active  acids,  less  volatile  Btill,  which  might  be 
used  to  liberate  it,  do  not  exist.  We  are  therefore  compelled  to  build 
up  sulphuric  acid  from  its  demeots. 

The  union  of  sulphur  dioxide  and  oxygen  by  the  eontact  procw, 
and  combination  of  the  trioxide  with  water  (p.  428),  is  the  best  method 
for  making  a  highly  concentrated  acid.  For  obtiuning  ordinary  "oil 
of  vitriol,"  however,  the  cbamb«r  proceu  is  still  used  extensively. 

Hiatory  of  Sulphuric  Acid  Manufacture,  —  Impure  forms  of 
sulphuric  acid  have  been  known  for  many  centuries.  In  the  fifteenth 
century  it  waa  made  by  diatilUng  ferrous  sulphate  with  sand.  The 
product,  however,  contained  much  water  and  sulphur  dioxide.  Tbe 
fust  successful  preparation  of  the  substance  conmierdally  was  made 
by  Ward  at  Richmond-on-the-Thames  (1758).  The  process  consisted 
in  burning  a  mixture  of  sulphur  and  saltpeter  KNOj  in  a  ladle 
suspended  in  a  large  glass  globe  partially  filled  with  water.  Tbe 
gases  which  were  evolved  contained  large  quantities  of  sulphur 
dioxide  and  oxides  of  nitn^en,  which,  by  interaction  with  atmospheric 
oxygen  and  water  (see  below),  produced  the  sulphuric  acid.  The  solu- 
tion which  was  obt^ned,  although  it  could  be  prepared  of  any  deared 
concentration  by  the  burning  of  a  sufficient  number  of  charges,  was 
far  from  pure  and  was  expensive,  bringing  thirteen  shillings  (K.25) 
per  pound.  Subsequently  a  chamber  lined  with  lead  was  subetttuted 
for  the  glass  vessel.  Ttiis  reduced  the  price  to  about  two  shillings 
and  ^xpence  (10.60)  per  pound.  The  same  ptindpies  are  used  in 
the  modem  "chamber  process." 

Chemistry,  of  the  Cluimber  Process,  —  Tbe  gases,  the  intei> 
actions  of  which  result  in  the  formation  of  sulphuric  acid,  are:  water 
vapor,  sulphur  dioxide,  nitrous  anhydride  NjOj*  (j.wj,  and  oxygen. 
These  are  obtained,  the  first  by  injection  of  steam,  the  second  usually 
by  the  burning  of  pyrite,  pyrrotite  (FeS),  or  some  other  mineral 
sulphide,  the  third  from  nitric  acid  HNOi,  and  the  fourth  by  the 
introduction  of  air.  The  gases  are  thoroughly  mixed  in  lai^  leaden 
chambers,  aod  the  sulphuric  acid  condenses  and  collects  upon  the 
Boors.     Id  spite  of  elaborate  investigations,  instigated  by  tbe  exten- 

*  lliiB  gas  is  UDBtable,  breaking;  up  in  part  into  nitric  oxide  NO  and  nitrogen 
tetroxide  NOi;  NjOi  i::*  NO  +  NOj.  In  the  process  here  discussed,  however, 
tbe  mixture  behaves  as  if  it  wse  all  NtOi,  and  so  only  nitrous  oohydride  is  named 
in  this  ooonectioa. 
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fflve  a6ale  upon  wbich  the  manufacture  is  carried  on  and  the  immense 
financial  interests  involved,  some  uncert^nty  still  existe  in  regard  to 
the  precise  nature  of  the  chemical  changes  which  take  place.  Accord^ 
ing  to  Lui^e,  supporting  the  view  first  suggested  by  BerzeUus,  the 
greater  part  of  the  product  is  formed  by  two  successive  actions,  the 
first  of  which  yields  a  complex  compound  that  is  decomposed  by 
excess  of  water  in  the  second: 

H^  +  2SOi  +  NiO,  +  0»-2SO,r'°~^  (1) 

^O  —  NO 

The  group  —NO  is  found  in  many  compounds.  Here,  if  it  were  dis- 
placed by  hydrogen,  sulphuric  acid  would  result.  Hence  this  com- 
pound is  called  nitroiylsulpbuTlo  add. 

y  0  -  H  y  OH 

The  equations  (1)  and  (2)  are  not  partial  equations  for  one  inter- 
action, but  represent  distinct  actions  which  can  be  carried  out  sepa- 
rately. In  &  properly  operating  plant,  indeed,  the  nitn^ylsulphuric 
acid  is  not  observed.  But  when  the  supply  of  water  is  deficient,  white 
"chamber  crystals,"  conasting  of  this  substance,  collect  on  the  walls. 

The  explanation  of  the  success  of  this  seemingly  roundabout 
method  of  getting  sulphuric  acid  is  as  follows:  The  direct  union  of 
sulphur  dioxide  and  water  to  form  sulphurous  acid  is  rapid,  but  the 
action  of  free  oxygen  upon  the  latter,  2H^0i  -|-  d  ^  2H^04,  is  ex- 
ceedingly slow.'  Reaching  sulphuric  acid  by  the  use  of  these  two 
changes,  although  they  constitute  a  direct  route  to  the  result,  is  not 
feaable  in  practice.  On  the  other  hand,  both  of  the  above  actions, 
(1)  and  (2),  happen  to  be  much  more  speedy,  and  so,  by  their  use, 
more  rapid  production  of  the  desired  substance  is  secured  at  the  ex- 
pense of  a  slight  complexity.  It  may  be  added  that  the  heat  finally 
^ven  out  in  the  formation  of  one  formula-weight  of  sulphuric  acid  is 
exactly  the  same  in  amount  whether  nitrous  anhydride  intervenes  or 
not  ((^.  p.  100). 

The  prepress  of  the  first  action  is  marked  by  the  disappearance  of 
the  brown  nitrous  anhydride  and,  on  the  introduction  of  water,  the 
completion  of  the  second  results  in  the  reproduction  of  the  same  sub- 
stance. It  would  thus  seem  as  if  the  nitrous  anhydride  should  take 
part  an  indefinite  number  of  times  in  these  changes  and  so  facilitate 
the  conversion  of  an  unlimited  amount  of  sulphur  dioxide,  oxygen, 
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and  water  into  sulphuric  acid,  without  diminution  of  its  quantity. 
In  practice,  however,  certain  subsidiary  actions  take  place,  Buch  as, 
for  example,  the  reduction  of  some  nitrous  anhydride  to  nitrous  oxide 
NjO,  which  permanently  remove  a  part  of  the  material  from  par- 
ticipation in  the  cycle. 

The  loss  of  nitrous  anhydride  is  made  good  by  the  introduction 
of  nitric  acid  vapor  into  the  cliamber.  This  acid  is  secured  by  the 
action  of  concentrated  sulphuric  acid  upon  commercial  sodium  nitrate 
NaNO.: 

NaNO,  +  H,S04j=iHN0,  T  +  NaHSO,. 

On  account  of  the  volatility  of  the  nitric  acid,  a  moderate  heat  is 
sufficient  to  remove  it  from  admixture  with  the  other  substances,  and 
its  vapor  is  swepf  along  with  the  other  gases  into  the  apparatus.  The 
initial  action  which  the  nitric  acid  undergoes: 

H,0  +  2S0,  +  2HN0,  -» 2H,S04  +  N^. 

may  be  written  to  show  the  anhydride  of  nitric  acid: 

H,0  +  2S0.  +  HiO,NiO(  -*  2H,S04  +  N,0». 

The  two  molecules  of  water,  one  actually,  the  other  potentially,  pres- 
ent, with  the  two  molecules  of  sulphur  dioxide,  can  furnish  two 
molecules  of  sulphurous  acid  H^Oi.  The  NiOt  in  passing  to  the 
condition  NiOi  gives  up  the  two  units  of  oxygen  required  to  convert 
this  sulphurous  acid  into  sulphuric  acid. 

Details  of  the  Chamber  Process.  —  The  sulphur  dioxide  is 
produced  in  a  row  of  small  furnaces  A  (Fig.  112),  the  structure  of 
which  depends  upon  the  nature  of  the  substance  employed  to  yield 
this  fundamental  constituent  of  sulphuric  acid.  When  good  pyrite 
is  used,  the  ore  bums  unasMsted  (p.  424),  while  impure  pyrite  and 
zinc-blende  2nS  have  to  be  heated,  to  a  greater  or  less  degree,  arti- 
ficially, to  maiptfun  the  combustion.  The  gfiaea  from  the  various 
furnaces  pass  into  one  long  dust  Sue,  in  which  they  are  mingled  with 
the  proper  proportion  of  air,  and  have  an  opportunity  to  deposit 
oxides  of  iron  and  of  arsenic  and  other  materials  which  they  transport 
mechanically.  From  this  flue  they  enter  the  Glover  tower  G,  in  which 
they  acquire  the  oxides  of  nitrogen.  Having  secured  all  the  necessary 
constituents,  excepting  water,  and  having  been  reduced  very  con- 
^derably  in  temperature,  the  gases  next  enter  the  first  of  the  lead 
chambers,  targe  structures,  from  three  to  five  in  number,  lined  oom- 

_,,   Cooylc 


THE  OXIDES  AND  OXYGEN  ACID8  OF  8ULPHUH         435 

pletely  with  sheet  lead.  They  vary  in  size,  measunng  cts  much  as  100 
X  40  X  40  feet,  and  sometimes  having  a  total  capacity  of  150,000  to 
200,000  cubic  feet.  As  the  gases  drift  through  these  chambers  they 
are  thoroughly  mbced,  and  an  amount  of  water  considerably  in  excess 
of  that  required  by  the  chemical  reactions,  is  injected  in  the  form  of 
steam  at  various  points.    The  temperature  in  the  first  chamber  is 


maint^ned  at  50°  to  65°,  while  in  the  last  chamber  it  is  about  15° 
above  that  of  the  outdde  air.  The  acid,  along  with  the  excess  of 
water,  condenses  and  collects  upon  the  floor  of  the  chamber,  while  the 
unused  gases,  consisting  chiefly  of  nitrous  anhydride  and  a  very  large 
amount  of  nitrogen,  derive<l  from  the  air  ori{pnally  admitted,  find  an 
exit  into  the  Gay-Lussac  tower  L. 

This  b  a  tower  about  fifty  feet  in  height,  filled  with  tiles,  over 
which  concentrated  sulphuric  acid  continually  trickles  from  a  reservoir 
at  the  top.  The  object  of  this  tower  is  to  catch  the  nitrous  anhydride 
and  enable  it  to  be  reemployed  in  the  process.  This  is  accomplished 
by  a  reversal  of  action  (2)  above.  The  acid  which  accumulates  in  the 
vessel  at  the  bottom  of  this  tower  contains  the  nitrosylsulphuric  acid, 
and  by  means  of  compressed  air  is  forced  through  a  pipe  up  to  a 
vessel  at  the  top  of  the  Glover  tower  G.  When  this  "nitrous  vitriol" 
is  mixed  with  dilute  sulphuric  acid  from  a  neighboring  vessel,  by 
allowing  both  to  flow  down  into  the  tower,  the  nitrous  anhydride  is 
ODCe  more  set  free  by  the  interaction  of  the  water  in  the  dilute  acid 
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(action  (2)).  The  Glover  tower  is  filled  with  broken  quart*  or  tiles, 
and  the  heated  gases  from  the  furnace  acquire  in  it  their  supply  of 
nitrous  anhydride.  Their  high  temperature  causes  a  considerable 
concentration  of  the  diluted  sulphuric  acid  as  it  trickles  downward. 
The  acid,  after  traversing  this  tower,  is  sufficiently  strong  to  be  used 
once  more  for  the  absorption  of  nitrous  anhydride. 

To  replace  the  nitrous  anhydride  inevitably  lost  by  reduction  to 
nitrous  oxide  and  otherwise,  fresh  nitric  acid  is  furnished  by,  small 
open  vessels  N,  containing  sodium  nitrate  and  sulphuric  acid,  placed 
in  the  flues  of  the  pyrite-bumers.  About  4  kg.  of  the  nitrate  are 
consumed  for  every  100  kg.  of  sulphur. 

The  immense  size  of  the  chambers  is  necessitated  by  the  fact  that 
the  chemical  action,  although  much  quicker  than  the  direct  oxidation 
of  sulphurous  acid,  is  after  all  rather  slow.  The  presence  of  the  large 
amount  of  atmospheric  nitrogen,  which  diminishes  the  concentration 
of  all  the  interacting  substances,  partly  accounts  for  this  slowness. 
The  acid  which  accumulates  upon  the  floora  contains  but  60  to  70  per 
cent  of  sulphuric  acid,  and  has  a  specific  gravity  of  1.5-1.62.  The 
excess  of  water  is  used  to  facilitate  the  second  action.  It  is  required 
also  in  order  that  the  acid  upon  the  floor  may  not  afterwards  absorb 
and  retain  the  nitrous  anhydride,  for  this  substance  combines  with  an 
acid  containing  more  than  70  per  cent  of  hydrogen  sulphate. 

This  crude  sulphuric  acid  is  applicable  directly  in  some  chemical 
manufactures,  such  as  the  preparation  of  superphosphates  (q.v.)  used 
in  large  amounts  as,  a  fertilizer.  In  most  cases,  however,  a  more 
concentrated  sulphuric  acid  is  required.  The  concentration  is 
effected  in  the  first  place  by  evaporation  in  pans  lined  with  lead,  which 
are  frequently  placed  over  the  pyrite-bumers  in  order  to  economise 
fuel.  The  evaporation  in  lead  is  carried  on  until  a  specific  gravity 
1.7,  corresponding  to  77  per  cent  concentration,  is  reached.  Up  to 
this  point  the  sulphate  of  lead  formed  by  the  action  of  the  sulphuric 
acid  produces  a  crust  which  protects  the  metal  from  further  action. 
The  insoluble  sulphate  of  Iwid,  however,  becomes  more  soluble  in 
sulphuric  acid  the  more  concentrated  the  acid  is,  and  the  higher, 
therefore,  its  boiling-point.  When  a  stronger  acid  is  required,  the 
water  is  usually  driven  out  by  heating  the  sulphuric  add  in  vessels  M 
porcelain  or  platinum,  or  even  of  cast  iron.  Iron  acts  upon  dilute 
sulphuric  acid,  displacing  the  hydrogen-ion,  but  not  upon  the  con- 
centrated acid,  which  is  not  ionized.  Commercial  sulphuric  acid, 
oil  of  vitriol,  has  a  specific  gravity  1.83-1.84,  and  contains  about  93.5 
per  cent  of  sulphuric  acid,  ' 
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Physieal  Pn>p«rti«8.  —  Pure  hydrogen  sulphate  (100  per  cent) 
has  a  3p.  gr.  1.85  at  15".  When  cooled,  it  crystallizes  (m.-p,  10.5°), 
At  150°-180°  the  acid  begina  to  fume,  giving  off  sulphur  trioxide.  At 
330°  it  boils,  but  loses  more  sulphur  trioxide  thanwater,  and  finally 
leaves  in  the  retort  an  acid  of  constant  (p.  211)  boiling-pmnt  (338°) 
and  constant  composition  (98.33  per  cent). 

When  hydrogen  sulphate  is  mixed  with  water,  a  considerable  evo- 
lution of  heat  takes  place.  This  heat  of  solution  (p.  203)  receives 
progres^vely  diminishii^  increments  as  more  water  is  added,  until  a 
very  great  <^ution  has  been  reached.  The  total  is  39,170  cal.  This 
heat  of  solution  has  not  been  accounted  for  quantitatively,  but  a  part 
of  it  is  due  to  the  heat  given  out  in  connection  with  the  ionieation  of 
the  hydrogen  sulphate.  The  pure  substance,  and  the  concentrated 
acid,  absorb  water  greedily  from  the  moisture  in  the  ur  (or  oUier  gas), 
and  so  are  used  for  drying  gases. 

Impurities,  —  Commerdal  sulphuric  acid  is  frequently  brown 
in  oolor  on  account  of  the  presence  of  fragmenU  of  straw  which  have 
become  charred  and  finally  completely  didntegrated.  It  contains  also 
lead  stUphate,  which  appears  as  a  precipitate  when  the  add  is  diluted, 
as  well  as  arsenic  trioxide  and  oxides  of  nitrogen  in  combination,  and 
many  other  foreign  substances  in  small  quantities.  The  pure  sul- 
phuric add  employed  in  chemical  laboratories  has  received  spedal 
treatment  for  the  removal  of  these  ingredients. 

Chemical  PropertieB  cf  Hydrogen  Sulphate  H3SO4. —  1.   The 

compound  is  not  exceedingly  stable,  for  dissociation  into  water  and 
sulphur  trioxide  b^ns  far  below  the  boiling-point  (qf.  p.  437).  The 
vapor  of  the  acid  boiling  at  338°  contains  only  66  per  cent  of  H^SOi 
and  -34  per  cent  of  H»0  +  S0»,  which  recombine  when  the  vapor  is' 
cooled.  The  dissociation  is  practically  complete  at  416°,  as  is  shown 
by  tiie  density  erf  the  vapor.  When  raised  suddenly  to  a  red  heat  it 
IB  broken  up  completely  into  water,  sulphur  dioxide,  and  oxygen. 

2.  When  sulphur  trioxide  is  dissolv^  in  hydrogen  sulphate,  i^ro- 
■olphnrlD  Mid  HiSiO?,  a  solid  compound,  is  obtained.  Hydn^n 
sulphate  containing  20  per  cent  of  pyro-sulpburic  acid  is  known  as 
"oleum,"  and  is  employed  in  chemical  industries.  The  old  "fuming," 
or  "Nordhausen,"  sulphuric  acid  contained  10-20  per  cent  of  extra 
sulphur  trioxide.  The  salts  of  disulphuric  acid  may  be  made  by 
strongly  heating  the  acid  sulphates,  for  example: 

2NaHS0,  T^  NaAOj -1- H,0  t . 
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Id  view  of  this  mode  of  preparation  by  the  aid  of  heat,  th^  were 
named  ivrMu^tbatM  (Gk.  ««p,  6re).  When  they  are  dissolved  in 
water,  the  acid  sulphates  are  reproduced  by  reversal  of  the  fore^ing 
reaction. 

3.  With  salts  which  it  does  not  oxidise,  hydrogen  sulphate  iMtcti 
by  doublo  deoompooitloii  and  sets  free  the  corresponding  add.  The 
actions  are  always  reveraible  ones;  but  where  the  new  acid  la  volatile, 
as  in  the  case  of  hydrc^eu  chloride  (p.  206),  we  are  furnished  with  one 
of  the  cheapest  means  of  preparing  acids. 

Since  hydn^n  sulphate  is  dlbuls  (p.  372),  it  forms  both  acid 
and  neutral  salts,  such  as  NaHSO^  and  NsaSO^.  The  add  sulphates 
are  called  also  bisulphat«s,  because  they  cont^  twice  as  large  a 
proportion  of  SO4  to  metallic  element,  and  require  twice  as  much 
sulphuric  acid  for  their  preparation  as  do  the  neutral  sulphates. 

4.  Sulphuric  add  combines  vigorously  with  water  to  form  at 
least  one  rather  stable  hydrata,  HsSO,,H,0  Cm.-p.  8°).  On  this 
account,  sulphuric  acid  is  able  to  take  the  elements  of  water  from 
compounds  containing  bydrc^en  and  oxygen,  especially  those  con- 
taining these  elements  in  the  proportion  2H  :  0.  Thus  paper,  which 
is  largely  cellulose  (C(Hid05)i,  wood  which  contains  much  c^uloee, 
and  sugar  CuHttOu  are  charred  by  it,  and  carbon  is  set  free: 

CbHhOu  -» 12c  +  1 1H,0. 

The  sune  tendency  is  enlisted  to  promote  chemical  actions  in  which 
water  is  formed,  particularly  in  connection  with  the  manufacture  of 
nitroglycerine  iq.v.)  and  guncotton  {q.v.).  For  the  same  reason, 
sulphuric  add  is  used  in  drying  gases  with  which  it  does  not  interact. 

5.  On  account  of  the  lai^e  quantity  of  oxygen  which  hydrogen 
sulphate  contains,  and  its  instability  when  heated,  it  behaves  as  an 
oxidising  agent.  This  property  has  already  been  illustrated  in  con- 
nection with  the  action  of  the  acid  upon  carbon,  sulphur,  and  copper 
(p.  425),  hydrogen  sulphide  {p.  416),  zinc  (p.  119),  and,  particularly, 
hydrogen  iodide  {p.  277)  and  hydrogen  bromide  (p.  272).  The 
sulphuric  acid  is  itself  reduced  to  sulphur  dioxide,  and  even  to  free 
sulphur  or  hydrogen  sulphide.  The  metals,  from  the  most  active 
down  to  silver  (p.  404),  are  capable  of  reducing  it,  the  sulpbat€8*  being 
formed.     The  more  active  metals,  like  zinc,  reduce  it  to  hydrc^ea 

*  Note  that  the  sulphates,  and  not  the  oxides  of  the  metals,  are  produced. 
Ondee  of  metals  could  not  be  formed  in  conccntratM  sulphuric  acid,  because 
ihey  interact  with  the  tatter  much  more  vigorously  than  do  the  metala,  to  ^ve 
the  sulphatee  (c/.  p.  213). 
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Buli^ide  (p.  416),  the  less  active,  like  copper,  give  sulphur  dicndde 
(p.  425).  Hydn^en  is  not  liberated,  because  no  hydn^n-ion  is 
present  in  concentrated  sulphuric  acid.  Gold  and  platinum  alone  are 
Dot  attacked,  and  hence  their  use  in  making  sulphuric  acid  stills. 
Free  hydrogen  itaelf  is  oxidized  to  water  when  passed  into  hydrogen 
sulphate  at  160°:  SO,(OH),  +  H,  ^  SOi  +  2H^. 

Concentrated  sulphuric  add  is  uaad  in  idmoat  all  chemical  in- 
dustries: for  example,  to  give  aodium  sulphate,  as  a  stage  in  the 
Le  Blanc  process  for  the  manufacture  of  soda;  in  the  refinii^  of 
petroleum;  in  the  manufacture  of  fertilizers,  such  as  superphos- 
phate; in  the  preparation  of  nitroglycerine  and  guncotton,  where 
it  asasts  the  action  by  removing  water;  and  in  the  production  of 
coal-tar  dyes. 

loruMttum  qf  Dibaaic  Adda.  —  An  acid  containing  but  one 
unit  of  hydrogen  in  its  molecule  can  give  but  two  kinds  of  ions. 
Thus,  chloric  acid  gives  only  H"*"  and  C10i~.  When  more  than  one 
hydrc^en  unit  is  present,  however,  more  than  two  kinds  of  ions  are 
formed.  Thus,  sulphuric  acid,  HjSO^,  produces,  in  the  &rst  place, 
hydrosulphate-ion : 

H,SO<fsH+  +  HSOr. 

Tbe  latter  is  also  an  acid,  but  is  consldarably  1mm  acdve  than  sulphuric 
add.  Hence,  the  further  dissodation  of  this  ion:  HSOj"  *=t  H*  -f- 
S04~,  1^8  considerably  behind  the  primary  dissodation.  In  con- 
centrated solutions  of  the  acid  there  is,  therefore,  much  HSO*" 
present.  In  very  dilute  solutions,  however,  SOt~  predominates.  We 
know  that  HSO^'  is  a  weaker  acid,  and  is  dissociated  with  greater 
difficulty  by  water,  because  acid  salts,  like  KHSOt,  which  give  this 
ioD,  are  much  weaker  acids  than  are  acids  like  HCl  and  HClOa,  with 
which  the  substance  HS04~  might  fwrly  be  compared.  This  be- 
havior is  not  peculiar  te  sulphuric  acid,  but  is  shown  by  all  adds 
coDt^ning  more  than  one  hydrt^en  unit  in  the  molecule  {t^.  Hydrogen 
sulphide,  p.  417). 

Chetnieal  Properties  c$  Aqttetma  Hydrogen  Sulphate.  — 

The  solution  of  sulphuric  add  is  a  mixture  whose  components  are: 
undissociated  molecules  HiSO<,  hydrogen-ion  H"*",  hydrosulphate-ion 
HSOj",  and  sulphate-ion  S0^^.  The  chemical  properties  shown  by 
the  solution  are  those  of  one  or  other  of  these  components,  according 
to  drcumstances. 
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Except  in  concentrated  solutions  (nonnal  or  stronger)  the  oxidizing 
eETecte  of  the  undisaociated,  molecular  substuice  are  not  encountered. 
The  temperature  of  the  diluted  acid,  even  when  boiling,  is  not  high 
enough  for  the  purpose.  In  fairly  strong  solutions,  hydnwulphatenon 
is  i^entjful  and  shows  itself  in  the  results  of  electrolysis  (see  p.  449). 

The  presence  of  hydrogen-ion  is  shown  by  all  its  usual  properties 
(p.  373),  In  the  following  table  the  proportion  erf  the  whole  of  the 
hydrogen  existii^  in  the  form  of  hydrogen-ion  (column  five)  and  ita 
concentration  (column  ox),  taking  a  normal  solution  of  hydrogen-ion 
containing  1  g.  per  liter  aa  standard,  are  shown  (cf.  pp.  182  and  366). 
The  first  three  columns  give  the  concentration  of  the  suli^uric  acid  as 
a  wh(de,  in  terms  (first  column)  of  the  volume  (liters)  of  liquid  contain- 
.  ingone  equivalent  (JHtSOi  =  49  g.),  in  terms  (second  column)  of  a 
nonnal  solution  as  standard,  and  by  per  cent  (third  column),  respec- 
tively.    The  fourth  column  shows  the  conductivity  (p.  365). 
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Column  5  thus  states  that  in  a  normal  solution  51  per  cent,  and  in  a 
centi-Dormal  solution  79  per  cent  of  the  hydrogen  is  ionic. 

Sulphate-ion  S04~,  which  is  found  also  in  solutions  of  all  neutral 
and  acid  sulphates,  unites  with  all  positive  ions.  The  product,  when 
insoluble,  appears  as  a  precipitate.  The  introduction  of  barium  ions, 
for  example,  by  adding  a  solution  of  barium  nitrate  or  chloride,  is  em- 
ployed as  a  tMt  for  sulphate-ion: 

Ba-H-  +  S04=;=iBaS0,i. 

Since  there  are  other  barium  salts  which  are  insoluble  in  water  (see 
Table  of  solubilities),  but  no  common  ones  which  are  not  deoomposed 
by  acids,  dilute  nitric  acid  is  first  added  to  the  solution  supposed  to 
contain  the  sulphate-ion.  The  other  ions,  if  present,  then  give  no 
predpitate  with  barium-ion. 

Dilute  sulphuric  acid  is  UMd  for  many  purposes.  Thus  it 
forms  the  liquid  in  the  lead  storage  battery,  and  is  employed  for 
cleaning  sheet  iron  before  tinning  and  galvanizing. 
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Su^thatea^  —  The  odd  lulphotaa,  known  also  as  bisulpbstw 
(p.  438),  may  be  produced  either  by  adding  to  dilute  sulphuric  acid 
half  an  equivalent  of  a  base,  and  evaporating:  NaOH  +  H^O^  ^ 
H»0  +  NaHS04,  or  by  actions  in  which  another  acid  is  displaced  by 
concentrated  sulphuric  acid,  as  in  making  hydrogen  chloride  (p.  206). 
These  salts  are  acid  iu  reaction,  as  well  as  in  name  (i^.  p.  40lJ,  because 
HSOr,  although  a  weak,  is  not  a  feeble  acid.  When  heated,  they 
yield  pyrosulphatea  (p.  438). 

The  normal  (or  neutral)  lulphatM  are  obtfuoed  by  complete 
neutralization  and  evaporation,  or  by  the  second  of  the  above  methods 
when  a  sufficient  amount  of  the  salt  and  a  h^er  temperature  are  used : 

Naa  +  NaHSO*  ^  NaiSO*  +  HCt  t . 

They  are  often  made  also  by  precipitation,  by  oxidation  of  a  sulphide 
at  a  high  temperature,  PbS  +  20i  — ♦  PbSO*,  or  by  addition  of  sul- 
phur trioxide  to  the  oxide  of  a  metal  (p.  431). 

Nonna^sulphates  of  many  heavy  metals  decompose  at  a  red  hest, 
those  of  the  trii^ent  metals  giving  off  sulphur  trioxide  (p.  430),  and 
those  of  some  bivalent  metals  {e.g.,  Ma,  Ni,  Co),  giving  sulphur 
dioxide  and  oxygen.  The  sulphates  of  potassium,  sodium,  and  others 
of  the  more  active  metals,  and  lead  sulphate,  however,  are  not 
affected  by  heating. 

When  a  sulphate,  or  indeed  any  salt  of  a  sulphur  acid,  is  heated 
strctfigly  with  carbon,  the  oxygen  is  removed  and  a  sulphide  remains: 
Na^O,  +  4C  -» Na«S  +  4C0.  Upon  this  is  founded  a  general  twt 
for  the  presence  of  sulphur  in  any  substance.  The  material  to  be 
tested  is  mixed  with  sodium  carbonate.  A  small  amount  of  the  mix- 
ture is  placed  on  the  end  of  a  match,  which  has  been  charred  and 
rendered  partially  incombustible  by  previous  application  <rf  sodium 
carbonate.  When  the  end  of  the  match  is  now  held  in  the  reducing 
part  of  the  Bunsen  flame,  the  compound  of  sulphur,  if  it  contains 
oxygen,  is  reduced  to  the  form  of  sulphide.  This,  by  interaction  with 
the  carbonate,  ^ves  sodium  sulphide,  Na^.  When  the  product  of  the 
reducti<Hi  is  placed  upon  a  ^ver  coin  and  moistened,  the  sodium  sul- 
phide, if  present,  produces  a  black  stain  of  silver  sulphide.  This  is 
known  as  the  hapor  toit,  hepar  being  an  old  name  for  a  sulphide.  < 

Constitution  qf  Hydrogen  Sulphate.  —  The  formula  which 

we  aamgn  to  sulphur  tnoxide  is  0  =  S^    .    It  is  in  general  our 

L     i,;,,!:..,  Google 
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desire  to  use  the  smallest  pos^ble  valence,  but  here  no  reductdon  can 
be  effected  below  the  v&lue  6  for  the  sulphur,  unless  we  jcnn  the 

oxygen  units  to  one  another,  aa  in  the  fonnula  0  =  S.   I .    This, 

0-H 

however,  would  suggest  a  relationship  to  hydrogen  peroxide,   i  , 

which  is  not  confirmed,  for  hydrogen  peroxide  cannot  be  made  from 
sulphuric  acid.  Assuming,  therefore,  the  above  formula  for  sulphur 
trioxide,  the  addition  of  the  elements  of  water  to  it  in  the  amplest 
fashion  results  in  the  structures: 


The  second  of  these  two  modes  of  disposii^  of  the  water  is  the  (me 
which,  in  parallel  cases,  is  usually  most  fearable.  Hardly  any  alter- 
native to  it  is  possible,  for  example,  in  representing  the  action  in 
which  quicklime  is  slaked  (p.  149): 

H-0\f 


H^  +  0  =  Ca^"~V^Ca. 


This  represents  the  change  with  little  derangement  of  the  ori^nal 
structure  and  without  alteration  in  the  valence,  while  the  first  unwar- 
rantably increases  the  valence  to  ten.  There  are  other  objections  to 
.  the  first  formula.  In  it  the  hydrogen  is  supposed  to  unite  more 
immediately  with  the  sulphur,  whereas,  when  the  free  elementa  are 
concerned,  hydrc^en  actually  combines  more  readily  with  oxji^en,  and 
forms  a  more  stable  compound  with  it  than  with  sulphur.  Again, 
compounds  like  hydrogen  sulphide,  H  —  S  —  H,  in  which  the  hydro- 
gen is  undoubtedly  united  to  sulphur,  are  but  slightly  ionized,  and  are 
feeble  acids,  while  hydrc^en  sulphate  is  highly  ionized. 

Another  fact  is  more  satisfactorily  accounted  for  by  the  second 
fonnula.  The  addition  of  chlorine  to  sulphur  dioxide  must  be  shown 
thus: 

.0  CI  O 

S(    -l-CI.^      )sj 
0  CI       ^o 

for  chlorine  has  a  much  greater  tendency  to  unite  with  sulphur  than 
with  oxygen.     When  the  product,  sulphuryl  chloride,  is  brought  in 
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contact  with  water,  sulphuric  acid  and  hydit^en  chloride  are  pro- 
duced. Since  water  has  the  formula  H  —  0  —  H,  and  two  molecules 
of  water  are  used,  this  action  is  most  simply  accounted  for,  with  the 
minimum  of  disturbance  in  both  molecules,  by  im^ining  the  opera- 
tion to  take  place  as  follows: 


The  hydrogen  chloride  is  eliminated,  and  the  other  units  of  hydrogen, 
originally  without  doubt  attached  to  oxygen  in  the  water,  may  be  pre- 
sumed to  be  still  connected  with  that  oxygen  when  they  enter  the 
molecule  of  hydrogen  sulphate. 

This  illustration  shows  the  sort  of  reasonii^,  based  upon  the 
chemical  properties  and  the  modes  of  formation  of  a  substance,  which 
lead  us  to  the  devising  of  an  appropriate  graphic  or  structural  formula 
(<^.  p.  322).  The  latter  is  not  supposed  to  represent  the  actual 
physical  structure  of  the  molecule,  but  simply  to  be  a  diagrammatic 
representation  of  the  chemical  relations  of  the  constituents  and  of  tbe 
chemical  behavior  of  the  whole.  Forrnuhe  of  this  kind  are  in  con- 
tinual use  in  the  study  of  the  compounds  of  carbon,  but  are  seldom 
required  outside  of  that  region. 

Other  Acids  of  Sulphur 

HyposulphurouB  Acid  HAOt.  —  The  zinc  salt  of  this  acid 
crystallises  out  when  zinc  dust  acts  upon  a  scdution  of  sulphur  dioxide 
in  absolute  alcohol: 

Zn+2SOi-»ZnSsO». 

Moissan  found  that  when  sulphur  dioxide  was  led  over  sodium  hy- 
dride, sodium  hyposulphite  was  formed:  2NaH  -f-  2SOs  — *  NaiSi04 
+  H^ 

Commercially,  a  solution  cont^ning  the  sodium  salt  is  made  by 
the  interaction  of  zinc  with  a  solution  of  sodium  bisulphite  charged 
with  excess  of  ^ulpbur  dioxide: 

2NaHS0,  +  Sa  +  Zn  -*  Na^S^,  +  ZnSO,  -|-  HjO. 

The  salts  are  rapidly  oxidized  by  the  air,  giving  sulphites  and  then 
sulphates.  The  above  solution  of  sodium  hyposulphite  b  used  in 
incUgo  dyeing,  and  with  other  vat  dyes,  on  account  of  its  high  reducing 
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power.  Indigo  CiJIioNtOi,  which  is  insoluble,  is  reduced  by  the  salt 
to  indigo-white  CitHjjNjOt  which  passes  into  solution: 

NasSi04  +  2H,0  -» 2NaHS0i  (+  2H)  (1) 

CHioNjOa  (+  2H)  -*  CiJInNtOi (2)  " 

NasSiO,  +  2HsO  +  C,  JIioNiOj  -»  2NaHS0,  +  CuHj  JV,0, 

When  cloth  saturated  with  the  mixture,  however,  is  exposed  to  the 
air,  the  indigo-white  undei^oes  oxidation,  and  blue,  insoluble  indigo 
is  formed  once  more  (see  Dyeing). 

The  acid  is  formed  when  sulphurous  acid  surrounds  the  negative 
electrode  in  an  electrolytic  cell: 

2H,S0,  +  H,  -*  H&O4  +  2H,0, 

and  was  first  named  (after  the  discoverer)  SchQtzenberger'B  acid. 
The  sodium  salt  is  formed  in  the  same  way  from  sodium  bisulphite. 

Sulphurous  Acid.  —  This  term  is  applied  to  the  solution  of 
'  sulphur,  dioxide  in  water.  A  portion  of  the  sulphur  dioxide  remains 
dissolved  physically,  while  another  portion  is  in  combination  with  the 
water,  fonning  sulphurous  acid.  This  in  turn  is'ionized,  and  chiefly, 
after  the  manner  of  the  weaker  dibasic  acids,  into  two  ions,  H+  and 
HSOi~,  A  little  S0»~  is  formed  from  the  latter.  There  are  thus  in 
such  a  solution  four  mutually  dependent  equilibria: 

SO,  (gas)  FiSO,  (dslvd)  +  HjOjziHsSO,  ^H+  +  HSO,-?±H+  +  SO,=. 

When  the  solution  is  heated,  uncombined  sulphur  dioxide  is  dis- 
engaged as  a  gas.  The  equilibria  being  l^us  disturbed,  the  ions  of  the 
acid  unite,  the  acid  molecules  decompose,  and  soon  all  the  above 
actions  are  completely  reversed  and  the  whole  of  the  gas  passes  off. 
Conversely,  when  a  base  furnishing  hydroxide  ions  is  added  to  the 
solution  of  the  acid,  the  hydrogen  ions  disappear,  forming  water,  and 
the  above  actions  all  proceed  in  a  forward  direction  until,  with  a  half- 
equivalent  of  the  base,  the  whole  of  the  material  has  been  converted 
into  the  form  HSO»~,  in  association,  of  course,  with  the  poative  ions 
of  the  base.  With  a  full  equivalent,  neutralization  follows  and  SOj^ 
is  the  product. 

Propertiea  ef  Sulphurous  Add.  —  The  acid  is  so  unitabl*  that 
it  cannot  be  obtained  excepting  in  solution  in  water.  Chemically  it  is 
a  oomparatiTaly  wmk  add. 
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As  a  rvduoiiic  affant,  it  is  slowly  ondlzed  by  free  oxygen,  turning 
into  sulphuric  acid.  Sugar  and  glycerine  act  as  nscativ«  contact 
acBntB  and  make  the  oxidation  much  slouier.  It  is  rapidly  oxidized 
by  active  oxidizing  agente.  Thus,  when  free  halogens  are  added  to 
the  solution,  sulphuric  acid  and  the  hydrogen  halide  are  formed: 
H,SO,  +  H,0  +  I,  f±  HsSO*  +  2HI. 

In  the  particular  case  of  iodine  this  action  takes  place  only  in  very 
dilute  solution,  since  concentrated  sulphuric  acid  decomposes  hydro- 
gen iodide  (cf.  p.  277)  and  the  action  is  reversed.  This  interaction  is 
used  in  chemical  analysis  as  a  means  of  estimating  the  quantity  of 
sulphurous  a(ud  in  a  liquid  (cf.  p.  277). 

Hydrc^en  peroxide,  potassium  permai^anate,  aod  other  oxidizing 
agents  convert  the  substance  into  sulphuric  acid  likewise.  It  should 
be  noted  that  in  these  oxidations  we  have,  not  an  addition  of  oxygen 
to  SOj,  but  to  the  SOi~  or  HSOi^  ion  of  the  acid,  whereby  it  passes  into 
the  S0«~  ion  of  sulphuric  acid.  The  ion  is  much  more  easily  oxidized 
than  is  free  sulphur  dioxide  itself. 

When  heated  alone,  in  a  sealed  glass  tube  (150°),  the  acid  reduces 
part  of  itself  to  sulphur,  and  a  part  is  oxidized  to  sulphuric  acid: 

3H,S0»  -» 2H^04  +  H,0  +  S. 

Sulphurous  acid  has  the  power  of  imtuny  dlrsctly  with  many 
organic  coloring  matters  and,  since  the  products  of  this  union  are 
usually  colorless,  it  is  employed  as  a  bleaching  agent.  It  is  especially 
useful  with  materials  Uke  silk,  wool,  and  straw,  which  are  likely  to  be 
destroyed  by  hypochlorous  acid.  Sunlight  causes  the  dissociation  of 
these  colorless  compounds,  and  so,  with  use,  straw  hats  slowly  recover 
their  orif^nal  color.     As  a  di^nfectant  it  acts  by  addition  likewise. 

As  a  dUMslc  acid,  sulphurous  acid  forms  normal  salts  like  Na^Oj, 
and  acid  salts  like  NaHSO.. 

ConaecuHve  Reactions.  —  There  are  many  chemical  reactions 
that  proceed  in  two  stages,  which  can  be  carried  out  separately. 
This  is  the  case  with  the  two  reactioi^  used  in  the  chamber  process 
(p.  433).  The  actions  are  eonaMutlvs  (p.  272),  becai^e  the  second 
uses  materials  produced  by  the  first.  It  may  be  noted  that,  if  the 
second  acUoD  is  as  speedy  as  the  first,  or  speedier,  then  no  inter- 
mediate products  will  be  detectable.  This  is  the  case  with  the 
chamber  process  reactions,  when  sufficient  steam  is  introduced, 
for  under  these  circumstances  no  solid  nitroaylsulphuric  add  i> 
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deposited.  If  the  second  reaction  is  slower  than  the  first,  then  the 
products  of  the  first  reaction  will  accumulate,  and  become  notice- 
able. 

The  conception  of  consecutive  reactions  enables  us  to  under^ 
stand  and  remember  some  facts.  For  example,  it  was  meaticmed 
that  when  dry  sulphur  is  oxidized,  we  obtain  sulphur  dioxide,  but 
when  moist  sulphur  is  oxidized,  by  the  air  or  otherwise,  the  only 
product  is  Bulpbiuic  acid  (p.  414).  This  change  may  be  conceived 
of  as  proceeding  in  two  stages: 

S  +  0,  +  H,O^HjSO,, 
2HsS0,  +  0,    •-*2H^04, 

which  would  be  consecutive  reactions.  Since  oxidation  of  solid 
sulphur  can  proceed  only  on  the  surface,  it  is  slow.  Since  the  sul- 
phurous acid  is  dissolved,  and  every  molecule  of  it  is  acceaable 
to  the  dissolved  oxygen,  or  oxidizing  agent,  the  second  action  should 
be  speedier  and  consume  the  product  of  the  first  action  as  fast  as  it 
is  formed.  It  is,  therefore,  quite  natural  that  no  sulphurous  acid 
should  be  detectable  when  water  (or  its  vapor)  is  present. 

Illustration,  qf  the  Effect  tif  Concentration  on  Speed  of  In- 
teraction, — The  oxidation  of  sulphurous  acid  by  iodic  acid  HIOj  may 
be  used  to  show  [Lect,  exp,]  the  effect  of  concentration  on  the  speed 
of  an  action  (p.  291).  The  iodic  acid  may  most  readily  be  made  by 
dissoMng  potassium  iodate  KIO»  and  sulphuric  acid  together  in 
water,  in  such  quantities  as  would  give  a  N/2  solution  of  each.  When 
1  c.c.  of  this  N/2  iodic  acid  is  added  to  100  c.c.  of  filtered  starch 
emulsion,  and  the  whole  is  mixed  with  an  equal  volume  of  water 
containing  1  c.c.  of  N/2  sulphurous  acid,  the  blue  color  produced  by 
the  liberated  iodine  appears  suddenly  after  the  lapse  of  a  minute  or 
more: 

2HI0,  +  SHaSO,  -»  SHSOa  +  H,0  +  I,. 

With  double  the  above  quantities  in  the  same  amount  of  water,  that  is, 
with  double  concentrations,  the  speed  of  the  action  is  greatly  increased 
and  the  iodine  becomes  visible  in  less  than  half  the  time. 

Sulphites.  —  The  add  sulphites  of  the  alkali  metals  (t.e.,  of 
potassium  and  sodium)  are  acid  in  reaction,  owing  to  the  appre<aable 
dissociation  of  the  ion  HSOt~.  The  acid  being  a  weak  one,  however, 
solutions  of  the  normal  salts,  Na«SO*,  etc.,  are  alkaline  towards  litmus 

_   t;oosic 
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(p.  399).  The  sulphites  are  readily  de<K>mpo8ed  by  acids  giving  free 
sulf^uroua  acid,  and  the  l&tter  deccnnposes,  yielding  sulphur  dioxide 
(p.  424). 

Calcium  bisulphite  solution,  Ca(HSO])i,  is  used  to  dissolve  the 
lignin  out  of  wood  chips  employed  in  the  manufacture  of  paper. 
About  30  per  cent  of  the  wood  is  lignin.  The  rest  is  cellulose 
(C«H]dOt)i,  and  constitutes  the  prepared  pulp. 

When  hsatsd,  sulphites  undergo  decomposition.  The  sulphates, 
being  the  most  stable  of  aU  the  salts  of  sulphur  acids,  are  formed  when 
the  salts  of  any  of  those  acids  are  decomposed  by  heating.  The  nature 
of  the  particular  salt  determines  what  other  products  shall  appear. 
Here,  one  molecule  of  the  sulphite  furmshes  three  atoms  of  oxygen, 
sufficient  to  oxidize  three  other  molecules,  and  leaves  one  molecule  of 
sodium  sulphide  behind  (compare  effect  of  beating  sulphurous  acid, 
alone,  p.  445): 

4N8,S0, -*  Na^  +  3Na^04. 

The  add  sulphites  (bisulphites)  first  lose  sulphurous  add,  before 
chanpng  in  this  way.  Thus,  sodium-hydrogen  sulphite  be^^ns  by 
decomposing  as  follows: 

2NaHS0.  -*  Na«Sa  +  H^O,  (or  H,0  +  SO,) 

and  at  a  higher  temperature  the  sulphite  Na«SOi  decomposes  as 
^El^ained  abdve. 

The  acid  salts  of  volatile  acids,  when  heated,  all  decompose  in  this 
way  i<^.  pp.  281,  447). 

The  sulphites  are  as  readily  toidlssd  as  is  the  acid  itself.  They  are 
slowly  converted,  both  in  solution  and  in  the  solid  form,  by  the  influ- 
ence of  the  oxygen  of  the  air,  into  sulphates.  It  is  interesting  to  note 
that  the  addition  of  sugar  or  glycerine  to  a  solution  of  a  sulphite 
reduces  the  speed  of  oxidation  by  free  oxygen  very  markedly.  These 
substances  act  as  contact  agents;  and  the  present  case  shows  that 
^ents  of  this  kind  may  not  only  increase  the  speed  of  actions,  which 
IB  theu*  usual  function,  but  may  also  have  a  restraining  influence. 

Thiomiphuric  Acid  H»StOi.  —  This  acid  is  not  known  in  the 
free  condition,  but  its  salts  are  in  common  use  in  the  laboratory  and 
commercially.  Sodium  thiosulphate,  for  example,  is  prepared  by 
boiling  a  sdution  of  sodium  sulphite  with  free  sulphur.  The  action 
is  something  like  the  addition  of  oxygen  to  sulphurous  acid: 


Na,SO,  +  S->NasS»0,    or    S0,=  +  S -» S,0»=. 


oogic 
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The  product,  thioeulpbate  of  scxlium,  is  used  in  photography  aa  a 
aolveot  for  salts  of  silver  (fixing  bath),  and  is  commonly  (but  in- 
correctly) called  "  hypo," 

By  the  addition  of  acids  to  a  solution  of  sodium  thiosulphate,  t^ 
thioeulphuric  acid  is  set  free,  but  the  latter  instantly  decompoees, 
giving  a  precipitate  of  sulphur: 

NaAO,  +  2HC1  ^  HAO,  +  2Naa, 
H&0,5=iH^0,  +  S|. 

Etoi  carbon  dioxide  from  the  air,  giving  carbcmio  atid  (q.v.),  pro* 
duces  this  effect  slowly  in  fiTing  solutions.  The  actions  h&ai^  revers- 
ible, preliminary  addition  of  a  sulphite  to  the  solution  helps  to  Bust^n 
the  reverse  action,  in  which  sulphurous  add  is  a  factor,  and  so  pre- 
B^res  the  solution.  The  delay  in  the  appearance  of  the  precipitate 
of  sulphur  in  dilute  solutions  is  due  to  the  temporary  existence  of  a 
supersaturated  solution  (c/.  p.  193)  of  the  free  element.  This  is  shown 
by  the  fact  that  instant  neutralization  of  the  free  acid  does  not 
prevent  the  ultimate  appearance  of  the  sulphur. 

Iodine  acts  upon  sodium  thiosulphate  solutJoa,  ^ving  sodium 
tetrathionate: 

2Na.SiO»  + 1,-^  2NaI  +  Na^O*. 

This  actJOD  is  used,  by  employment  of  a  standard  solutjon  of  sodium 
thiosulphate,  for  estimating  quantities  of  free  iodine  in  analysis.  The 
disappearance  of  the  color  of  the  latter  indicates  that  a  sufficient 
amount  of  the  salt  lias  been  employed.  Whea  chlorine-water  (p.  223) 
is  used,  the  oxidation  is  more  complete.  The  products  are  sodium 
sulphate,  sulphuric  acid,  and  hydrochloric  acid: 

NaAO.  -I-  4HC10  -J-  H,0  -.  NaiSO.  +  HjSO*  +  4HC1. 

In  consequence  of  the  very  great  amount  of  free  chlorine  which  the 
sodium  thiosulphate  is  thus  able  to  transform,  it  is  employed,  as 
antichlor,  for  the  purpose  of  removing  chlorine  from  bleached  fabrics. 

Persulpkuric  Add  BStOt-  —  The  salts  of  this  add  are  ooming 
into  use  for  commercial  purposes  and  for  "reducing"  negatives  in 
photography.  When  a  discharge  of  electricity  is  passed  through  a 
mixture  of  sulphur  trioxide  and  oxygen,  drops  of  liquid  are  formed 
which  appefir  to  have  the  composition  SjOr,  and  when  dissolved  in 
water  give  dilute  persulphuric  acid,  SjO?  +  HjO  — »  EiSiOi.  More 
mgnificant  of  its  relations  is  its  formation,  to  some  extent,  when 
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concentrated  sulidiuric  acid  and  a  strong  soluUon  of  hydn^en  per- 
oxide are  mixed: 

2H,S0*  +  H^  7±  H  AOs  +  2H,0. 

This  action  ia  reversible.*  Under  acme  circumstances,  particulariy 
by  using  puie  (100  per  cent)  hydrt^en  peroxide  and  sulphur  trioxide, 
a  monobasic  acid,  monoperBulphuric  add  (Caro's  add,  m.-p.  45°)  is 
formed:  HjSO*  +  H,Oi  fi  HjSOi  +  H,0.  Interesting  in  ite  way, 
also,  is  its  production  in  the  dectrolyds  of  aqueous  sulphuric  add: 

2HSOr  +  2©->HAOa. 

This  action  is  most  con^icuous  in  rather  concentrated  (50  per  cent) 
solutions,  in  which  hydrosulphate-ion  is  plentiful  (c/.  p,  439),  and 
when  a  small  anode,  resulting  in  severe  crowding  of  the  BSO4  radicals 
as  they  are  liberated,  is  employed.  The  salts  were  first  prepared  by 
electrolyzing  ammonium  or  sodium-hydrogen  sulphate  NaHS04  in 
concentrated  solution  (Hugh  Marshall).  The  persulphuric  add, 
formed  by  the  union  of  the  negative  ions  in  ptais,  undergoes  double 
decomporation  with  the  excess  of  sodium  bisulphate,  and  the  less 
soluble  sodium  persulphate  NatSiOt  crystallizes  out.  The  other  salts 
are  made  by  double  decompodtion  from  this  one. 

The  persulphates  decompose  readily  whea  heated,  yielding  pyro- 
Bulphates  and  oxygen: 

2K&0,-*2KA07  +  0,. 

The  solution  of  the  add  is  an  active  oxidizing  a^ent: 

HtSiOg  +  H.0 -» 2H1SO4  (+ O). 

Polythionic  Aads,  —  Di-,  tri-,  tetra^,  and  pentathionic  acid  (p. 
431)  are  all  formed  dmultaneously  (along  with  free  sulphur)  when 
sulphur  dioxide  and  hydrogen  sulphide  gases  are  passed  alternately 

*  This  actioD  and  the  aext  are  not  claaeifiable  under  any  of  the  ten  kinds 
formerly  discussed  (p.  228).  They  consiBt  in  the  union  of  H  and  OH  to  totm 
water: 

HSO,i  H  +  HO  i  OH  +  H  I  80^  -.  2H,0  +  {SO.H)^ 

Neutralisations  (p.  387)  they  are  not,  because  the  interacting  aubetances  are 
both  arads.  Just  as  the  loes  of  wat«r  from  one  add  gives  an  anhydride,  so  here^ 
the  loss  of  water  between  two  adds  gives  a  mlz«d  antiTdrbto  (see  Chlorosul- 
phuric  add,  bdow). 
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into  water,  although  the  gases  themselves  (p.  416)  interact  to  produce 

simply  free  sulphur  and  water: 

HtS  +  aSOi-^HjS^O,, 
2H^  +  6S0t  -*  HAO,  +  HAOfc 
3H^  +  9SOs  -» HAO,  +  2HA0^ 

Most  of  these  adds  and  their  salts  are  of  minor  interest  and  need  not 
be  discussed. 

The  production  of  sodium  tetrathionate  by  the  action  of  iodine 
upon  sodium  thiosulphate  has  already  been  mentioned  (p.  448). 

When  mai^anese  dioxide  is  treated  with  cold  sulphurous  acid,  it 
interacts  rapidly  and  a  solution  of  manganous  dithionate  is  obttuned: 
MnO»  +  2H,S0,  -» MnS,0,  +  2H^. 

The  salts  of  these  acids  are  in  many  caaes  fairiy  stable,  but  the 
adds  themselves  decompose  readily  when  set  free. 

COHFOUNDB   OF  SULFHUB   WITH   CHLOaraZS   AND 
li^UOSINE 

Sulphur  Monochloride  StCtf  —  When  chlorine  gas  is  passed 
over  heated  sulphur  it  is  absorbed,  and  a  reddish-yellow  liquid, 
boiling  at  ISS"*,  is  obtained.  The  molecular  wdght  of  iJiis  substance, 
as  shown  by  the  density  of  its  vapor,  indicates  that  it  possesses  the 
formula  StCli.  When  thrown  into  water  it  is  rapidly  hydrolyaed, 
producing  sulphur  dioxide  and  free  sulphur: 

2S,C1,  +  2HiO  -» S0»  +  4Ha  +  39. 

Sulphur  itself  dissolves  very  freely  in  the  mouochloride.  The 
monochloride  is  employed  in  vulcanizing  rubber. 

By  surrounding  sulphur  monochloride  with  a  freeising  mixture, 
and  treating  it  with  excess  of  chlonne,  a  liquid  dlchlorida  SOU,  and  a 
tetracblorldo  SCU  can  be  formed.  Both  are  unstable.  Moissan  pre- 
pared sulpbur  hezafluoilde  SFe,  which  is  a  gas  at  room  temperature 
(b.-p,  —50°).     Unlike  the  chloride,  it  is  not  hydrolyzed  by  water. 

Thionyl  Chloride  SOCU-  —  By  the  action  of  sulphur  dioxide 
gas  upon  phosphorus  pentachloiide,  part  of  the  oxygen  in  the  former 
is  reiJaced  by  chlorine: 

SO,  +  pcu  -» soa,  +  POCb. 

The  products  are  thionyl  chloride  and  phosphorus  oxychloride.     The 
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former  iB  a  colorless  liquid,  boilil^  at  78°,  and  is  separated  from  the 
latter  {b.-p.  107°)  by  fractional  distillation  (see  Petrolemn).  It  is  de- 
composed immediately  on  contact  with  water: 

SOCU  +  2H,0  ->  H^Oi  +  2HC1. 

Sulphiuyl  Chloride  SOtCU-  —  Sulphur  dioxide  and  chlorine 
gases  unite  when-exposed  to  direct  sunlight  to  form  a  Bquid  known  as 
sulphuryl  chloride  SOiClt.  When  camphor  is  introduced  into  the 
ve^el  the  union  takes  place  much  more  rapidly,  owing  to  some  cata- 
lytic effect  of  this  substance.  The  compound  is  a  colorless  liquid, 
boiling  at  69°.  With  water  it  gives  sulphuric  acid  and  hydrogen 
chloride  (p.  443).  When  a  strictly  limited  amount  of  water  is  supplied 
a  partial  action  of  the  same  nature  occurs,  and  the  product  is  known 
as  ehloromtpbuile  add: 

SOjCU  +  HjO-^'^^'^' 

This  intermediate  compound  may  be  formed  also  by  the  addition  of 
hydrc^en  chloride  to  sulphur  trioxide. 


-  1.  What  ground  is  there  for  maigning  the  formula 
SOj  instead  of  S1O4  to  sulphur  dioxide  (p.  427)7 

2.  Explain  why  nitric  acid  is  completely  disfdaced  by  the  action 
of  sulphuric  acid  on  sodium  nitrate  (p.  436).  ; 

3.  How  many  times,  on  an  average,  does  a  molecule  of  nitrous 
anhydride  go  through  the  cycle  of  changes  by  which  sulphuric  add  is 
produced  before  it  is  eliminated  in  some  other  form  (p.  436)?       t*' 

4.  Make  a  list  of,  and  clasmfy,  the  various  applications  of  sul- 
phuric acid  to  the  liberation  of  other  acids. 

5.  Formulate  the  behavior  of  the  hydrosulphate^on  (p.  439) 
when  a  solution  of  barium  chloride  is  added  to  a  rather  concentrated 
solution  of  sulphuric  acid. 

6.  Can  you  give  any  reasons  for  preferring  to  regard  KHSO4,  and 
substances  like  it,  as  acid  salts  rather  than  double  salts  of  the  form 
K^CH^O*  (p.  401)? 

7.  From  a  consideration  of  the  facts  given  in  the  text,  and  of  the 
phymcal  conditions,  account  for  the  fact  that  hyposulphurous  acid  is 
oxidized  by  free  oxygen  first  to  sulphurous  acid  and  then  to  sulphuric 
add  (p.  443),  while  moist  free  sulphur,  even  with  oxidizing  agento, 
^ves  sulphuric  add  direc%  (p.  445)7 
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8.  Why  were  not  pyroBulphuiic  add  and  monopersulphuric  add 
placed  in  the  list  on  p.  431  (^.  p.  487)? 

9.  Write  in  ionic  form  the  equation  for  the  interaction  of  sodium 
thioBulphate  and  iodine  in  aqueous  solution. 

10.  Restate  the  import  of  the  following  sentence  in  terms  of 
experimental  facta:  liquefied  sulphur  dioxide  "ionizes  substances 
dissolved  in  it  as  well  as  does  water"  (p.  427). 

11.  What  are  the  relative  volumes,  (a)  of  sulphur  diimde  and 
nitrogen  (p.  9)  resulting  trom  the  roasting  of  pyrite  (p.  424),  (6) 
of  air  and  sulphur  dioxide  in  making  sulphuric  add? 

12.  Assign  to  the  proper  classes  of  ionic  actions  (pp.  402-406),  (a) 
the  action  of  iodine  x>n  sulphurous  add  (p.  445),  (b)  of  sulphur  on 
sodium  sulphite  (p.  447),  (c)  the  ways  of  foimiug  persulphuric  add 
(pp.  448-449). 
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AiONQ  with  sulphur,  chemiBtB  group  two  other  elements,  Belenium 
(Se,  at.  wt.  79.2)  and  teUurium  (Te,  at.  wl.  127.5).  If  the  nature  of 
the  ctuef  compounds  of  sulphur  is  kept  in  mind,  the  close  analogy 
between  the  nature  and  chemical  behavior  of  the  three  elements  and 
their  corresponding  compounds  will  be  noticed  at  once  (see  Chemical 
relations  of  the  sulphur  family,  below). 

Selenium  Se 

Occurrence  and  Properties  of  the  Element.  —  Selenium  (Gk. 
vtXifnr,  the  moon)  occurs  free  in  some  specuneoB  of  native  sulphur, 
and  in  combination  often  takes  the  place  of  a  small  part  of  the  sulphur 
in  pytite  FeSt  (Berzehus,  1817).  It  is  found  free  in  the  dust-flues  of 
the  pyrite-bumers  of  sulphuric  acid  works.  The  familiar  fonns  are, 
the  red  precipitated  variety,  which  is  amorphous  and  soluble  in 
carbon  diaulphide,  and  the  lead-gray,  semi-metalhc  variety,  obtained 
by  slow  cooling  of  melted  selenium,  which  is  insoluble,  and  melts  at 
217°.  In  the  latter  form  it  has  some  capacity  for  conducting  electric- 
ity, which  is  greatly  increased  by  exposure  to  hght  in  proportion  to 
the  intensity  of  the  illunaination.  A  photometer,  umng  this  property, 
has  been  devised  by  Joel  Stebbins  (1914),  for  measurii^  the  rela- 
tive intenmtyof  the  Hght  of  difTerent  stars.  Selenium  boils  at  688°, 
and  at  high  temperatures  has  a  vapor  den^ty  corresponding  to  the 
formula  Sei. 

The  element  unites  directly  with  many  metals,  bums  in  oxygen  to 
form  selenium  dioxide,  and  unites  vigorously  with  chlorine.  It  is 
used  in  glass-making. 

Hydrogen  Selenide,  —  Ferrous  seleuide,  made  by  beating  iron 
filings  with  seleniimi,  when  treated  with  concentrated  hydrochloric 
acid  ^ves  hydn^n  selenide: 

PeSe  -I-  2HC1  i=i  HtSe  T  +  FeCk- 
«3 
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The  compound  is  a  poisonous  gas,  which  possesses  an  odor  recalling 
rotten  horse-radish,  and  is  soluble  in  watw.  The  solution  is  faintly 
acid  in  reaction,  and  deposits  selenium  when  exposed  to  the  action  of 
the  air  (</.  p.  417).  The  gas  dissodates  when  heated  ((/.  p.  415). 
Other  selenides,  which,  with  the  exception  of  those  of  potaadum  and 
sodium,  are  insoluble  in  water,  may  be  precipitated  by  leading  the 
gas  into  solutions  of  soluble  salts  of  appropriate  metals  (q/*.  p.  421). 

Selenium  Dioxide  and  SeleniouB  Acid,  —  The  dioxide  SeOi 
is  a  solid  body  formed  by  burning  selenium  or  evaporating  a  solution 
of  selenious  acid  HiSeOj.  The  latter  may  be  made  by  diasolving 
the  dioxide  in  hot  water,  or  by  oxidizii^  selenium  with  boiling  nitric 
acid  or  aqua  regia  (q.v.).  Unlike  sulphur  (p.  414),  the  element  gjves 
little  of  the  higher  acid  HjSeO,  by  this  treatment.  In  aqueous 
solution  the  acid  is  eamly  reduced,  even  by  sulphurous  acid,  to 
selenium: 

H^O,  +  2H^0,  -*  2H^04  +  H,0  +  Se. 

Selenic  Avid.  —  No  trioxide  is  known.  Selenic  acid  HiSeO^,  a 
white  solid,  is  made  in  solution  by  oxidizing  ralver  selenite  with 
bromine-water  (which  contdna  hypobromous  acid,  (/.  p.  223)  and 
filtering: 

Br,  +  H,Of±HBr  +  HBrO 
AgjSeO,  +  HBrO  -» A&SeO,  -|-  HBr 
2HBr  +  AgtSeO^  -^  2AgBr  j  +  HtSeOj 
Bri  +  HsO  +  AgiSeO,  -» 2AgBr  |  +  HjSeO, 

It  is  itself  a  powerful  oxidizing  agent  and,  even  in  dilute  solu- 
tion, hberates  chlorine  from  hydrochloric  acid:  H^SeO*  +  2HCI  — > 
HjSeOs  -I-  HiO  +  Cli.  Sulphuric  acid  {<f.  p.  438),  on  the  other  hand, 
is  an  oxidizii^  agent  only  in  somewhat  concentrated  form,  and  even 
then  it  can  oxidize  hydrobromic  acid  (p.  272),  but  not  hydrochloric 
add. 

Oiloridea  qf  Selenium..  —  The  chlorides  are  formed  by  direct 
union  of  the  elements.  The  tetrachloride,  a  yellow  crystalline  sub- 
stance, is  formed  when  the  monochloride  is  heated:  2Se»CIi  —*■  3Se  -|- 
SeCU,  the  behavior  in  the  case  of  sulphur  chlorides  being  just  the 
inverse  of  this  (p.  450). 
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Tellurium  (Lftt,  teUvs,  the  earth)  occurs  in  ^Ivanite  in  combina- 
tioD  with  gold  and  Eolver.  It  ie  a  white,  metfiUic,  crystalline  sub- 
stance, melting  at  452°  (b.'p.  1400°).  When  formed  by  precipitation 
it  is  a  black  powder.  It  conducta  electricity  to  some  extent.  The 
vapor  denMty  corresponds  to  the  formula  Tet-  The  free  element 
unites  with  metala  directly,  and  bums  in  air  to  form  the  dioxide. 

BrdrogMi  teUurlda  H^Te  is  made  by  the  action  of  acids  on 
metallic  tellurides,  and  its  aqueous  solution  is  rapidly  oxidized  by  air 
witti  predpitation  of  tellurium.  The  tellurides  of  the  alkali  metals 
are  soluble  in  water,  the  others  are  insoluble. 

T*Uiuloiu  add  HiTeOa  is  formed  by  oxidizing  the  element  with 
nitric  acid,  and  is  a  crystaUine  solid,  little  soluble  in  water.  It  is  a 
feeble  acid,  of  which  many  salts  have  been  made.  It  is  also  some- 
what baac,  a  sulphate  2Te0s,S0i  and  a  nitrate  Te,0»(OH)NO,  bedng 
known.     In  this  respect  it  differs  markedly  from  sidphurous  add, 

T^urlc  add  is  made  by  oxidizing  tellurious  acid  in  aqueous  solu- 
tion with  chromic  add  (p.  418),  It  is  difficultly  soluble  in  Water.  It 
does  not  affect  indicators,  and  is  therefore  actually  more  feebly  addic 
than  is  hydn^jen  sulphide.  It  is  obtained  as  a  solid  having  the  com- 
poation  H«TeO«  {or  3H,0,TeOi)  on  evaporating  the  solution.  When 
heated,  this  body  loses  water,  some  of  the  trloxid*  TeO*  being 
formed.  The  last  is  a  yellow  solid,  which  shows  no  tendency  to 
lecombine  with  water,  in  this  respect  resembling  dlica  (g.v.).  Td- 
lurates  of  the  alkali  met^  may  be  made  by  heating  the  tellurites 
with  potassium  or  sodium  nitrate:  KjTeOj  +  KNOj  — *  KiTe04  + 
KNOi. 

Tellurium  forms  two  very  stable  chlorides,  TeCl»  and  TeCU,  which 
are  decomposed  by  water.  The  second,  however,  exists  in  solution 
with  excess  of  hydrogen  chloride:  TeCU  +  3H»0f±HjTe0j  +  4HC1, 
showing  the  tellurious  add  to  be  basic  in  properties  and  the  element 
tellurium  to  be,  to  a  certain  degree,  a  metallic  element  (see  Chap. 
XXXII). 

We  have  now  a  means  of  deciding  whether  a  eubstanoe  containing  the 
elements  of  water,  such  as,  tor  esample,  teUurio  acid,  ahould  be  written,  H«TeOi, 
or  as  a  hydrate  HiTeO«,2HtO.  Baker  and  Adlam  have  shown  that  plates  made 
of  true  hydrates  are  permeable  by  water  vapor,  but  that  orystalB  of  anhydrous 
suhetanfiee,  euah  as  cupric  sulphate,  are  not  so  permeable.  They  found  that 
crystals  of  telluric  add  are  not  permeable  by  water  vapor,  so  that  HiTeOi  is  the 
correct  formula. 


bv  Google 


456  INORGANIC  GHEMISTRT 

The  Chemical  Relations  of  the  Sulphur  Family.  —  It  wiji 

be  seen  that  sulphur,  selenium,,  and  tellurium  are  bivalent  elements 
when  jcombiued  with  hydn^n  or  metals.  In  combioation  vith 
oi^gen  they  fonn  unsaturated  compounds  of  the  form  X'^Ot,  while 
their  highest  valence  is  found  in  SO*,  TeOa,  and  HiSeOt,  where  they 
must  be  sexivalent.  The  general  behavior  of  corresponding  com- 
pounds is  very  similar.  At  the  same  time,  there  is  in  aJl  cases  a  pro- 
gressive change  as  we  proceed  from  sulphur  through  selenium  to 
tellurium.  The  elementary  substances  themselves,  for  ouunple, 
become  more  Uke  metals,  physically,  and  th6y  show  higher  and 
higher  melting-points.  The  affinity  for  hydrogen  decreases,  aa  is 
shown  by  the  increasing  ease  with  which  the  compounds  HiX  are 
oxidized  in  air.  The  affinity  for  oxygen  hkewiae  decreases,  for  the 
elements  become  increasingly  difficult  to  raise  to  the  h^best  state 
of  oxidation.  On  the  other  hand,  the  tendency  to  form  h^er  chlo- 
rides becomes  greater.  We  note  also  that  the  compounds  H1XO4 
become  less  and  less  active  as  acids,  and  a  distinct  baac  tendency 
be^ns  to  assert  itself. 

The  Pebiodic  Stbtbm 

Clas£dfication,  or  the  arrangement  of  facts  on  tiie  basis  of  likeness, 
is  part  of  the  method  of  science.  In  chemistry  the  multitude  of  facts 
is  not  less  than  in  other  sciences,  and  the  necessity  of  arrangement 
equally  ui^eiit.  It  is  needed  to  make  possible  the  systematic  descrip- 
tion of  the  ascertained  facts,  and  to  furnish  a  guide  in  investigation,  by 
suggesting  stochastic  hypotheses  (p.  176),  and  so  pointing  out  direc- 
tions in  which  new  facta  of  interest  may  be  found.  Thus,  as  an  aid  to 
memory,  we  have  treated  the  halogens  as  one  family  and  S,  Se,  and 
Te  as  another.  In  each  case,  we  have  presented  the  properties 
common  to  all  members  of  the  group,  and  have  then  pointed  out  the 
differences.  Agiun,  in  investigation,  as  soon  as  we  have  discovered 
that  sulphur  and  selenium  are  allied  elements,  we  realise  the  direction 
in  which  fruitful  results  may  be  expected,  and  we  proceed  to  make 
the  corresponding  compounds  and  to  note  the  resemblances  and 
differences  in  the  conditions  for  preparation  and  in  the  properties 
of  the  compounds  obt^ned. 

At  hrst  sight,  the  most  definite  method  of  clas^fication  would 
appear  to  be  the  grouping  of  elements  of  like  valence.  But  this  brings 
together  sodium  and  chlorine  —  an  element  whose  hydrogen  com- 
pound is  unstable  and  without  markedly  characteristic  properties, 
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and  whose  hydroxyl  compouDd  is  an  active  base,  with  an  element 
whose  bydn^en  compound  is  an  active  acid  and  whose  hydroxyl 
^impound  is,  in  a  feeble  degree,  an  acid  also.  This  method  homolo- 
gates mmilar  sod  contrasting  elements  indiscnminat«ly. 

Metallic  iind  Non-Metallic  Elements.  —  Thus  far  we  have 
found  the  di^dsion  into  metallic  and  non-metallic  elements  very 
serviceable  for  classification  in  terms  of  chemical  relations  (p.  150). 
This  distinction  *e  ehall  continue  to  employ.  Tl»  nutalllc,  or 
posltiTS  slamecte  (p.  357),  (1)  form  positive  radicals  and  ions  contain- 
ing DO  other  element  (cf.  p.  375).  Thus  the  metals  give  sulphates, 
nitrates,  carbonates,  and  other  salts,  which  furnish  a  metallic  ion, 
such  as  Na+  or  K+,  together  with  the  ions  SO*-,  NO,",  and  COj=.  (2) 
Their  hydroxides,  KOH,  Ca{OH)s,  etc.,  give  the  same  metallic  ion, 
and  the  rest  of  the  molecule  forms  hydroxide-ion.  That  is  to  say, 
their  hydroxides  are  bases  and  their  oxides  are  basic.  The  metallic 
elements  often  enter,  but  only  vnth  other  elements,  into  the  composi- 
tion of  a  negative  ion,  as  is  the  case  with  manganese  in  K.Mn04, 
with  chromium  in  Ki.CriOr,  and  with  silver  in  K.Ag(CN)i.*  But 
the  moat  definitely  metallic  elements  form  with  oxygen  such  a  nega- 
tive ion  unly  while  exhibiting  a  different  valeTtce  from  that  which  they 
possess  wh€n  acting  as  positive  elements.  Thus,  manganese  wh^i 
a  podtive  element  has  the  valences  two  and  three,  MnO  and  MniOi, 
Mn.Clt  and  Mn.Clj,  Mn.S04  and  Mni.(S04)i,  etc.,  while  in  pennan- 
ganates  we  have  potentially  the  oxide  MuiOr,  (KtO,MniOT  = 
2KMn04),  in  which  it  is  septivalent.  The  graphic  formuUe  express 
the  difference  in  valence : 

CI  ^a  ^0 

MnT  Mn-Cl  K  -  O  -  Mn=0 

^ci  ^a  ■^o 

If  we  knew  only  the  compounds  in  which  manganese  is  septivalent, 
we  should  regard  it  as  a  non-metallic  element  pure  and  simple,  the 
metallic  appearance  of  the  free  element  to  the  contrary  notwith- 
standing. 

Tha  lum-nwtaUie  or  tugattn  tUvovatM,  (1)  are  found  chiefly  in 
negative  radicals  and  ions.  They  form  no  nitrates,  sulphates,  carbon- 
ates, etc.,  for  they  could  not  do  so  without  themselves  alone  con- 
stituting the  positive  ion.     We  have  no  such  salts  of  oxygen,  sulphur, 

*  The  mode  of  divifdon  into  ions  is  shown  by  the  position  of  the  period  in  the 
fonnulo. 
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carbon,  or  pboephoiua,  for  estample.  (2)  Thdir  hydroxides,  although 
thrar  formula  may  be  written  ClOiOH,  P(OH)j,  SOj(OH)»,  furniah 
no  hydroxide  ions,  as  this  would  involve  the  same  consequence. 
These  hydroxides  are  divided  by  disaociaUon,  in  fact,  ao  that  the 
non-metal  forms  part  of  a  compound  n^ative  radical,  and  the  other 
ion  is  hydn^-ion,  C10..H,  PO»H.H„  SO*.H,.  (3)  Their  hal<«eii 
compounds,  like  PCU  (p.  210)  and  SiCli  (p.  450),  are  completely 
hydrolyaed  by  water,  and  the  actions  are  not,  in  general,  reversible. 
The  faalides  of  the  ^fpical  metab  are  not  hydrolyeed  (see  Chap. 
XXXII),  and  with  those  that  are  not  typical,  the  action  is  reversible. 
The  distinctions  are  not  perfectly  sharp,  however.  Thus,  zinc 
iq.v.)  gives  both  salts  like  the  sulphate  Zn.S04  and  chloride  Zn.C)t, 
and  compounds  like  sodium  zincate  (p.  122)  ZnOiH.Na,  showing  the 
same  valence  in  both  classes: 


a 

O-Na 

Zn( 

Its  hydroxide  ionizes  in  two  ways,  Zn.(OH))  and  ZnOiH.H.  Similarly 
tellurious  acid  HiTeOs  acts  both  as  acid  and  base  (p.  455).  We  sbfJl 
find  this  double  behavior  conspicuous  in  the  compounds  of  arsenic  and 
antimony.  In  spite  of  the  partial  mei^ing  of  the  two  classes  of  ele- 
ments, however,  the  general  distinction  is  worth  preserving  (see  Chap. 
XXXII). 

Classification  by  Atomic  Weights.  —  A  closer  discrimination 
than  that  furnished  by  these  two  cat^ories  is  required,  however,  and 
a  study  of  the  order  into  which  the  elements  fall  when  arranged 
according  to  their  atomic  weights  has  provided  this  to  some  extent. 

The  first  indication  of  a  significant  relation  between  the  atomic 
weights  and  the  properties  of  the  elements  was  given  by  a  fact  not«d 
by  Dobereiner  (1829).  He  drew  attention  to  the  existoice  of  closely 
^milar  elements  in  sets  of  three  (trUdi),  where  the  central  element' 
was  intermediate  in  properties  between  the  two  others,  and  the  atomic 
weight  of  the  central  element  was  almost  the  exact  arithmetjcat  mefm 
of  the  weights  of  the  other  two.  The  three  following  triads  illustrate 
this  relation: 

Chlorine  ....  35.46  Sulphur  ....     32.00  Calcium  ....     40.07 

Bromine  ....  79.92  Selenium     .    ,    .     79.2  Strontium  .    .    .     87.63 

Iodine 126.92  Tellunum    .    .    .  127.5  Barium  ....  137.37 

Mean  of  01  and  I,  81.2  Meanof  Sand  Te,  79.8  Mean  of  Ca  and  Ba,  88.7 
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Newlanda  (1863-4)  discovered  a  surprising  regularity  when  the 
elements  were  placed  in  the  order  of  ascending  atomic  weight.  Omit- 
ting hydrogen  (at.  wt.  1)  the  first  seven  are:  lithium  (7),  glucinum 
(9),  boron  (11),  carbon  (12),  nitrogen  (14),  oxygen  (16),  fluorine  (19). 
Tbeee  are  all  of  totally  different  classes,  and  include  first  a  metal 
forming  a  stron^y  basic  hydroxide,  then  a  metal  of  the  less  active 
Bort,  then  five  non-metals  of  increasingly  ne^tive  character,  the 
last  being  the  most  active  non-metal  known.  The  next-element  after 
fluorine  (19)  is  sodium  (23),  which  brings  us  back  sharply  to  the 
elements  that  form  strongly  basic  hydroxides.  Omitting  none,  the 
nextseven  elements  are:  sodium  (23),  magnesium  (24.3),  aluminium 
(27),  silicon  (28.3),  phosphorus  (31),  sulphur  (32),  chlorine  (35.5). 
In  this  series  there  are  three  metals  of  diminishing  positiveness, 
followed  by  four  non-metals  of  increasing  negative  activity,  the  last 
being  a  halc^n  very  like  fluorine.  On  account  of  the  fact  that  each 
element  resembles  moat  closely  the  eighth  element  beyond  or  before  it 
in  the  list,  the  relation  was  called  the  law  of  oetans.  After  chlorine 
the  octaves  become  less  easy  to  trace.  Potasraum  (39)  follows  chlo- 
rine and  corresponds  satisfactorily  to  sodium,  but  it  is  not  until  seven- 
teen successive  elements  have  been  set  down  that  we  reach  one  closely 
resranbling  chlorine,  namely,  bromine. 

That  this  periodicity  in  chemical  nature  is  more  than  a  coincidence 
is  shown  by  the  fact  that  the  valence  and  even  the  physical  properties, 
such  as  the  den^ty,  show  a  Edmilar  fluctuation  in  each  series,  and 
recurrence  in  the  followlr^  one.  In  the  first  two  series  the  compounds 
with  other  elements  are  of  the  types: 

(  LiCl,    GlCIj,    BCU,    ecu,  NH„  OH,,  FH 
(  U,0,    GIO,      B»0.,    CO,,    NiO, 

I  NaCl,  MgClj,  AlCU,  SiCU,  PH,,   SH.,   CIH  . 
I  Na,0,  MgO,    AliO,,  SiC^,    PtOi,  SO,,    CIA 

Thus  the  valence  towards  chlorine  or  hydrogen  ascends  to  four  and 
then  reverts  to  one  in  each  octave.  The  highest  valence,  shown  in 
oxygen  compounds,  ascends  from  fithium  to  nitrogen  with  values  one 
to  five,  and  then  fails  because  compounds  are  lackii^.  In  the  second 
octave,  however,  it  goes  up  continuously  from  one  to  seven. 

Again,  the  densities  of  the  elements  in  the  second  series,  uMi^ 
the  data  for  red  phosphorus  and  liquid  chlorine,  are: 

Na  0.97,  Mg  1.75,  Al  2.67,  Si  2.49,  P  2.14,  S  2.06,  01  1.33. 
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Of  greater  dgnificance  chemically  are  the  related  numbers  represent- 
ing the  volumes  in  cubic  centimeters  occupied  by  a  gram-atomic 
wdgbt  of  each  element  (the  aUxnio  Tolunui) : 

Na  24,  Mg  14,  Al  10,  Si  U,  P  14,  S  16,  CI  27. 

A  similar  regular  fluctuation  is  shown  by  all  the  physical  properties  of 
corresponding  compounds. 

Mendelejeff'g  Scheme,  —  In  1869  MendelejefF  published  an 
important  contribution  towards  adjusting  the  difficulty  which  the  ele- 
ments following  chlorine  presented,  and  developed  the  whole  concep- 
tion so  completely  that  the  resulting  system  of  cksEdfication  has  been 
connected  with  his  name  ever  since.  Almost  Eomultaneously  Lothar 
Meyer  made  similar  suggeetions,  but  did  not  ui^  them  with  the  same 
conviction  or  elaborate  them  so  fully.  The  following  table,  in  which 
the  atomic  weights  are  expressed  in  round  numbers,  is  a  modification 
of  one  of  Mendelejeff'a. 

The  chief  change  from  the  arrat^ement  in  simple  octaves  is  that 
the  third  series,  beginning  with  potassium,  is  made  to  fumi^  material 
for  two  octaves,  potassium  to  manganese  and  copper  to  bromine, 
and  is  called  a  long  botIm.  The  valences  fall  in  with  this  plan  fairly 
well.  Copper,  while  usually  bivalent,  forms  also  a  series  of  com- 
pounds in  which  it  appears  to  be  univalent.  Iron,  coimlt,  and  nickel 
cannot  be  accommodated  in  either  octave,  as  their  valences  are 
always  two  or  three,  ao  these  elements  are  Bet  off  in  a  column  by 
themselves.  At  the  time  Mendelejeff  made  the  table,  three  places  in 
the  third  (long)  series  had  to  be  left  blank,  as  a  trivalent  element  [Sc] 
was  lacki^  in  the  first  octave,  and  a  trivalent  [Ga]  and  a  quadri- 
valent one  [Ge]  in  the  second.  These  places  have  ance  been  filled, 
as  we  shall  presently  see.  The  first  two  (the  short)  series  have  been 
split  in  the  table,  as  lithium  and  sodium  closely  resemble  potasuum^ 
while  the  remaining  members  of  these  series  fall  more  naturally  over 
the  corresponding  elements  of  the  second  octave  of  the  third  aeries. 

The  fourth  series  (lor^)  is  nearly  complete.  It'  begins  with  an 
active  alkali  metal,  rubidium,  and  ends  with  iodine,  a  halogen. 
The  rule  of  valence  is  strictly  preserved  throughout  the  series,  euhI  in 
general  the  elements  fall  below  those  which  they  most  closely 
resemble. 

The  fifth,  sixth,  and  seventh  Qoos)  series  are  incomplete,  but  the 
order  of  the  atomic  weights  and  the  valence  enables  us  satisfactorily 
to  place  many  of  the  elements.    The  chemical  relations  to  dementa 
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of  the  fourth  series  justify  the  position  asdgned  to  each.  Caeedum, 
for  example,  is  the  most  active  of  the  alkali  metals;  barium  has 
always  been  classed  with  strontium,  and  bismuth  with  antimony. 
There  are,  however,  about  twelve  more  or  less  rare  elements  which 
cannot  easily  be  fitted  into  the  vacant  places. 

Id  two  cases  a  slight  displacement  of  the  order  according  io  atomic 
weights  was  necessary.  Cobalt  was  put  before  nickel  because  it 
resembled  iron  more  closely,  although  the  at^imic  weights  are  in  the 
opposite  order.  Tellurium  and  iodine  are  placed  in  that  order  to 
bring  them  int<]  the  sulphur  and  halogen  groups,  respectively.  Their 
valences  and  other  chemical  relations  both  require  this.  The  gen- 
eral agreement,  however,  is  very  remarkable. 

General  Relations  in  the  System,  —  In  every  octave  the 
Tklsnco  towards  oxygen  ascends  from  one  to  seven,  while  that  towards 
hydrogen,  in  the  cases  of  the  four  last  elements  (when  they  combine 
with  hydrogen  at  all),  descends  from  four  to  one.  The  stomle 
Tolumv  disregards  the  subsidiary  octaves  in  the  long  series.  It 
descends  towards  the  middle  of  each  series  Qong  or  short),  and 
ascends  again  towards  its  initial  value.  The  other  idiytlcal  propertlM 
fluctuate  within  the  limits  of  each  series  in  a  similar  way.  The  values 
of  each  physical  constant  for  corresponding  members  of  the  suooaulT* 
HriH  do  not  exactly  coincide,  however.  A  progressive  change, 
as  we  descend  each  vertical  column,  is  the  rule.  Thus  the  densties 
of  the  alkali  metals  rise  from  lithium  (0.53)  to  caesium  (1.87).  Id 
the  same  group  the  melting-points  descend  from  lithium  (186")  to 
caelum  (26.5°). 

It  must  be  stated  that  no  mathematical  (quantitative)  relation  be- 
tween the  values  for  any  property  and  the  values  of  the  atomic  weights 
has  been  discovered;  only  a  general  (quantitative)  relationship  can 
be  traced.  Anticipating  the  discovery  of  some  more  exact  mode 
of  stating  the  relationship  in  each  case,  and  remembering  that  similar 
values  of  each  property  recur  periodicaily,  usually  at  intervals  corre- 
sponding to  the  length  of  an  octave  or  series,  the  principle  which  is 
assumed  to  underlie  the  whole,  the  periodic  law,  is  stated  thus: 
All  Uu  prop«rtiM  of  tbs  slomsnto  an  pvriodic  functions  of  their 
atomio  waiglits. 

That  the  chemical  relations  of  the  elementa  vary  just  as  do  the 
physical  properties  of  the  simple  substances  is  easily  shown.  Thus, 
each  series  begins  with  an  active  metallic  (positive)  dement,  and  ends 
with  an  active  non-metallic  (negative)  element,  the  intervening 
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elements  showing  a  more  or  less  continuous  variation  between  them 
limits.  Again,  the  elements  at  the  top  are  the  least  metalhc  of  their 
respective  columns.  As  we  descend,  the  members  of  each  group  are 
more  markedly  metallic  (in  the  first  columns),  or,  what  is  the  same 
thing,  leas  markedly  non-metallic  (in  the  later  columns;  cf.  p.  455). 

In  the  first  series  boron  is  the  first  non-metalhc  element  we 
encounter.  In  the  second  series  ^con  is  the  first  such  element.  In 
the  third  there  is  more  difficulty  in  deciding.  Titanium,  vanadium, 
and  germanium  are  usually,  ^ough  with  questionable  propriety, 
daased  as  metallic  elements.*  Selenium  is  undoubtedly  a  non- 
metallic  element.  Arsenic  is,  on  the  whole,  s  non-metaUic  element. 
In  the  fourth  series  tellurium  is  commonly  considered  to  be  the 
first  non-metaUic  element.  Thus  a  zigzag  line,  shown  in  the  table, 
separates  all  the  non-metallic  elemente  from  the  rest  of  the  elements, 
and  confines  them  in  the  right-hand  upper  comer. 

A  more  compact  form  of  the  table,  also  based  upon  one  of  Mendele- 
j^'s,  is  printed  at  the  end  of  this  book,  opposite  the  rear  cover. 
The  only  difference  between  this  and  the  other  is  that  the  two  octaves 
of  each  long  series  have  been  placed  in  the  spjne  set  of  seven  niMn 
columns.  The  irregular  sets  of  three  elemente,  consisting  of  the 
iron,  palladium,  and  platinum  groups,  occupy  a  column  on  the  r^ht 
of  the  main  columns,  and  are  often  called  collectively  the  el^ith 
gnmp.  The  recently  discovered  nobl^  gases,  found  chiefly  in  the 
ail,  have  been  placed  at  the  lef  t-hfmd  side.  Since  they  do  not  enter 
into  combination  at  all,  their  valence  may  appropriately  be  given 
as  sero.  With  the  exception  of  argon,  the  values  of  their  atomic 
w^^ts  agree  wdl  with  this  assignment.  Hydrogen  is  the  only 
common  element  whose  place  is  still  in  debate.  Many  rare  elements 
have  aJso  been  omitted,  and  tantalum  has  been  placed  immediately 
after  cerium.  The  valence  is  shown  by  the  general  formula  at  the 
bead  of  each  column. 

Chemical  Relations  and  the  Periodic  System.  —  It  is  so 

easy  to  oonfuae  the  qualities  which  enable  us  to  place  an  element 
in  a  suitable  group  or  family,  with  those  which  are  of  no  service 
in  this  respect,  although  they  may  be  used  to  justify  the  assign- 
ment attar  it  hu  besn  mado,  that  it  seems  best  to  give  a  concrete 
illustration,  with  the  halogen  family  as  the  example.     In  the  foUow- 

*  In  diBcuaeiiig  chemical  relatitme,  the  torn  nutaUiC  •leniont  b  prefenbl« 
to  nutaL  Thi  free  dement  (,e.g.,  arsenic)  may  have  the  luster  of  a  metal,  and 
yet  the  element,  in  combinAtion,  may  be  non-metallic  or  negative. 
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iag  table  there  are  named;  (1)  a  few  specific  phy^cal  properties  of 
a  mmple  uncombioed  substance,  (2)  a  few  ebemical  properties  of  a 
simple  uncombiaed  substance,  (3)  the  chemical  rations  of  the 
element  as  judged  by  its  properties  when  in  combination,  or  by 
the  behavior  of  its  compounds: 


Color 
Density 
Crit.  tomp. 
M.-t>.,  b,-p. 


Atomic  Wt. 

Valence 

Metallic  or  noD-metallic  element 


LwM  theae  aftor  oombiniitltm 


Might  oxygen  fairly  be  included  in  the  hslt^en  family?  It  is  almost 
colorless,  so  it  might  be  the  first  member  of  the  family,  iodine,  the 
most  strongly  colored,  being  the  last.  Its  density  is  lower  than  that 
of  any  halt^en,  as  are  also  its  critical  temperature,  boiling-point, 
and  melting-point.  We  cannot  decide  on  the  basis .  of  physical 
properties  alone.  Or,  using  the  properties  in  the  second  column, 
can  we  ascertain  whether  sulphur  might  fairly  be  considered  a  halo- 
gen? Its  molar  weight  is  256,  higher  than  that  of  iodine,  althoi^h 
like  iodine,  it  gives  lower  values  at  higher  temperatures,  so  it  might 
be  the  last  member  of  the  family.  It  combines  directly  with  prac- 
.tically  all  the  metals,  just  as  do  the  halogens.  All  the  halogens 
displace  it  from  combination  with  metals.  It  unites  directly,  and 
vigorously  with  oxygen,  while  iodine  forms  more  stable  compounds 
with  oxygen  than  do  bromine  or  chlorine.  The  last  two  fact^  woidd 
then  place  sulphur  as  last  member  of  the  series.  But,  should  it  be 
in  this  family  at  all?  The  chemical  properties  of  the  simfde  sub- 
stances do  not  enable  us  to  decide. 

When  we  examine  the  column  of  chemical  relations,  however, 
we  find  oxygen  to  be  bivalent,  while  the  halogens  are  univalent 
(and  septivalent  t^iwards  oxygen),  so  oxygen  does  not  belong  to  this 
group.  Again,  sulphur  is  non-metallic  (oxides  acidic,  halides  hydro- 
lyzed  completely),  just  hke  the  hal<^ens.  But  sulphur  is  bivalent 
or  sexivalent,  and  its  atomic  weight  places  it  between  fluorine  and 
chlorine,  and  not  after  iodine,  so  that  it  cannot  be  included  in  this 
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group.  Thus,  it  is  evident  that  we  dedde  which  elements  (onn  a 
ooherent  family  by-  consideration  of  the  chemical  relations,  i.e.,  by 
the  quahties  each  eloment  shows  while  in  combination. 

Applications  of  the  Periodic  System.  —  liie  system  has  found 
application  chiefly  in  four  ways : 

1.  In  the  prodicUon  of  new  elaouiita.  ,  Mendelejeff  (1871)  drew 
attention  to  the  blank  then  existing  between  calciiun  (40)  and  titanium 
(48).  He  predicted  that  an  element  to  flt  this  place  would  have  an 
atomic  weight  44  and  would  be  trivalent.  From  the  nature  of  the 
surrounding  elements,  he  very  cleverly  deduced  many  of  the  phyracal 
and  chemical  properties  of  the  unknown  element  and  of  its  com- 
pounds. He  named  it  eka^-boron  (Skr.  eka,  one).  In  1879  Nilson 
discovered  scandium  (44),  and  its  befewor  corresponded  closely  with 
that  predicted  for  eka-boron.  Mendelejteff  also  described  accurately 
two  other  elements,  likewise  unknown  at  the  time.  They  were  to 
occupy  vacant  places  between  zinc  and  arsenic,  and  were  named 
eka^uminium  and  ekar«ilicon.  In  1875  Lecoque  de  Boisbaudran 
found  gallium,  and  in  1888  Winkler  discovered  germanium,  and  these 
blanks  were  filled.  Other  possible  elements,  such  as  eicar-mar^ane^e, 
were  described,  but  atill  remain  to  be  discovered, 

2.  By  enabling  us  to  decide  on  correct  nluet  tor  the  Uomio 
weights  of  some  elements,  when  the  equivalent  weights  have  been  . 
measured,  but  no  volatile  compound  is  known  {cf.  p.  63,  239). 
Thus  the  atomic  weight  of  uranium  was  thought  to  be  120  until  it  was 
obeerved  that  no  place  near  to  antimony  (120)  remained  unoccupied. 
With  the  value  240  (now  238.2),  the  element  was  accommodated  at 
the  foot  of"  the  colunm  containing  those  which  it  most  resembled. 
Again,  the  equivalent  weight  of  indium  was  38  and,  as  the  element  was 
supposed  to  be  bivalent,  it  received  the  atomic  weight  76.  It  was 
quite  out  of  place  near  arsenic  (75),  however,  being  decidedly  a  m&- 
tallic  element.  As  a  trivalent  element  with  the  atomic  weight  115, 
it  fell  between  cadmium  and  tin.  Later  work  fully  justified  the 
change.  Still  again,  glucinum,  with  equivalent  weight  4.5,  resembled 
aluminium  so  strongly  that  it  was  thought  to  be  trivalent,  like  that 
element,  and  to  have  the  atomic  weight  13.5.  But  the  only  vacancy 
in  the  first  aeries  then  existing  was  between  lithium  (7)  and  boron  (11) 
and  subsequent  investigation  showed  that  the  properties  of  gludnum 
placed  it  most  fittingly  in  that  position  as  a  bivalent  metallic  element 
with  the  atomic  weight  9.  Recently,  radium  (q.v.)  has  been  dis- 
covered, and  found  to  have  the  equivalent  weight  1 13  and  to  resemble 


466  INOBGANIC 

barium,  ff,  like  barium,  it  is  bivalent,  it  occupies  a  place  mider 
this  etement,  in  the  last  series.  The  atomic  weights  of  cobalt  and 
nickel,  and  of  tellurium  and  iodine,  however,  cannot  be  adjusted.^ 

3.  By  ■ufsastlng  problams  for  invoaUgatlon.  The  periodic  sys- 
tem has  been  of  constant  service  in  the  course  of  inorganic  research, 
and  has  often  furnished  the  original  stimulus  to  such  work  as  well. 
For  example,  the  atomic  weights  of  the  platinum  metals  at  first  placed 
them  in  the  order,  Ir  (197),  Ft  (198),  Os  (199),  although  the  resem- 
blance of  osmium  to  iron  and  ruthenium  would  have  led  us  to  expect 
that  this  element  should  come  first.  For  Eomllar  reasons  platinum 
should  have  come  last,  under  palladium.  A  r^vestigation  of  the 
atomic  weights,  suggested  by  these  conradeiations,  was  undertaken 
by  Seubert,  and  the  old  values  were  found  in  fact  to  be  very  in- 
accurate.   He  obtained:  Os  =  191,  Ir  =  193,  Pt  =  195. 

Again,  the  atomic  weight  of  tellurium  bore  the  value  128,  when  the 
table  was  first  constructed,  and  it  was  confidently  expeoteid  that  re- 
examination would  bring  this  value  below  that  of  iodine  (th^i  127, 
now  126.92).  Several  most  careful  studies  of  the  subject  have  been 
made,  using  different  methods.  It  seems  probable  that  the  real  value 
of  the  atomic  weight  is  not  far  from  Te  =  127.5,  and  therefore  more 
than  half  a  unit  greater  than  that  of  iodine.  Since,  however,  quanti- 
tative correspondence  is  found  nowhere  in  the  system,  the  existence 
of  marked  inconfflstencies  like  this  need  not  shake  our  confidence  in 
its  value  when  it  is  used  with  due  confiideration  of  the  degree  of 
correspondence  to  be  expected. 

Originally  lead,  although  it  fell  in  the  fourth  column,  possessed 
only  one  compound,  PbOi,  in  which  it  seemed  to  he  undoubtedly  quad- 
rivalent. Search  for  salts  of  the  same  form,  however,  speedily  yielded 
the  tetrachloride  FbCl^,  tetracetate,  and  many  others.  The  existence 
of  osmic  add  ObO^,  and  a  correspondii^  compound  of  ruthenium, 
suggests  that  other  compounds  of  the  elements  of  the  eighth  group, 
displaying  the  valence  eight,  may  be  capable  of  preparation.  The 
collocation  of  copper,  silver,  and  gold,  in  the  same  column  with  the 
alkali  metals,  is  not  at  present  perfectly  satisfactory,  and  suggests, 
the  advisability  of  atrengthenii^  their  portion,  if  possible,  hy  further 
investigation.  • 

In  the  same  way,  incorrect  values  of  many  physical  properties 
have  been  detected,  and  have  been  rectified  by  more  careful 
work. 

4.  By  fumisbing  a  comprehen^ve  dasilfloatloit  of  th«  elsmanti, 
arranging  them  so  as  to  exhibit  the  relationships  amoi%  the  physical 
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and  cbemical  properties  of  the  elements  themselves  and  of  thmr 
compounds.  Constant  use  will  be  miule  of  this  property  of  the 
table  in  the  succeeding  chapters.  Having  disposed  of  the  halt^n 
and  sulphur  families  (excepting  the  oxygen  compounds  of  the  former), 
situated,  respectively,  in  the  seventh  and  sixth  colimins  of  the  table 
(at  the  end  of  this  book),  we  shall  presently  take  up  nitrc^n  and 
lAosphorufl  from  the  right  side  of  the  fifth  column.  Then  from  the 
fourth  column,  we  shall  select  carbon  and  siUcon,  and  from  the 
third  boron,  leaving  the  other  more  decidedly  metaUic  elements  for 
bter  treatment. 

Inadequacy  qf  the  Periodic  System,  —  The  periodic  system 
is  often  descnbed  as  if  it  furnished  a  classification  of  the  properties 
of  chemical  substances  which  was  complete  in  its  scope,  and  ideal 
in  its  exactness.     This,  however,  is  far  from  b^ng  the  case. 

The  order  of  acUvity  (E.  M.  Series)  of  the  metals  (pp.  129,  404) 
and  of  the  non-metals  (p.  284)  summarizes  many  properties,  and 
explains  many  features  of  the  chemical  behavior  of  the  elements. 
This  list  is  scattered  through  the  periodic  table  (compare  both), 
without  any  trace  of  regularity.  The  OTder  ot  loIubUity  of  tho 
giil^iidM,  a  valuable  property  in  qualitative  analysis,  is  practically 
coincident  with  the  E.  M.  series  (see  under  Cadmium),  and  is  not 
to  be  found  in  the  periodic  system. 

The  periodic  system  concentrates  attention  too  largely  on  one 
ot  the  nlMUMt  ot  midi  «l«iasnt.  Thus,  for  mat^anese,  it  focuses 
attention  on  the  septivalent  form  in  the  permanganates.  But  man- 
ganous  salts  are  more  like  the  ferrous,  the  cobaltous,  the  chromous, 
and  other  sets  of  salts,  none  of  which  are  in  the  same  column  of  the 
table.  Similarly,  the  manganic  salts  are  like  the  ferric  salts  and 
the  salts  of  aluminium.  Again,  copper  is  univalent  in  one  series  of 
salts,  but  in  its  better  known  salts  it  is  bivalent,  i^yer,  which 
belongs  to  the  same  periodic  family  is  always  univalent,  wfiHe  gold, 
also  in  the  same  family,  is  univalent  or  trivalent,  and  in  the  latter 
case  is  almost  wholly  a  non-metallic  element.  Indium  has  three 
sets  of  salts,  and  mmilar  remarks  could  be  made  about  it  and  about 
the  very  many  other  multivalent  elements.  If  it  were  posable  to 
place  each  element  in  several  different  columns,  one  for  each  of  the 
valences  that  it  shows,  the  table  would  then  include  far  more  of  the 
properties  of  the  elements.  But  this  cannot  be  done,  for,  according 
to  the  order  of  magnitude  of  the  atomic  weights,  there  is  but  one 
place  for  each  element.    In  other  words,  the  periodic  system  largely 
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ignores  the  variety  of  different  classes  of  chemical  relations  which  an 
element  with  several  valences  always  shows. 

Attention  has  also  been  called  to  about  twelra  ran  fllemmtB  for 
which  suitable  positions  bannot  be  found  amongst  the  vacant  places 
in  the  table.  Then,  also,  the  pbriloal  propflrttes  of  elements  and 
compounds  follow  the  order  of  the  elements  in  a  family  in  a  general 
way.  But  no  formula  can  be  devised  by  which  the  properties  can  be 
calculated  from  the  atomic  weight  and  other  independent  data. 
Often,  one  or  two  physical  properties  do  not  even  follow  the  order 
of  the  elements  in  the  family.  The  values  of  the  physical  properties, 
the  number  and  kinds  of  valences,  and  so  forth,  could  be  predicted 
from  the  table  only  in  a  general  way,  and  sometimes  the  prediction 
would  be  entirely  false.  The  curve  obtained  when  the  atomic 
volumes  are  plotted  against  the  atomic  weights  follows  the  different 
aeries  with  surpriong  regularity,  but  atomic  volumes  cannot  be  iised 
in  analyEds,  or  in  most  kinds  of  chemical  work,  and  therefore  lack 
practical  value. 

These  remarks  are  made,  merely  to  guard  against  the  supporatioa 
that  anything  like  a  complete  account  of  chemistry  can  be  extracted 
from  the  periodic  system.  This  system  can  be  used,  and  we  shall 
use  it  where  it  is  of  value,  but  we  must  not  allow  the  science  to  be 
distorted  or  emasculated  by  ignorii^  the  important  relatioiks  <tf 
which  the  system  tEikes  no  notice. 

The  AToanc  Nttmbbbs 

When  the  water  of  hydration  escapes  as  vapor  from  a  hydrate, 
the  crystals  frequently  crumble  to  dust  (p.  154).  There  are,  however, 
interesting  exceptions.  Minerals  of  the  zeolite  class,  for  example, 
can  be  deprived  of  water  without  lodng  their  coherence.  When  the 
desiccated  specimen  is  placed  in  contact  with  water  vapor  at  a  suf- 
ficient pressure,  the  water  molecules  re-enter  the'  crystal  and  the 
original  hydrate  is  recovered.  More  remarkable  still  is  the  fact 
that,  instead  of  water  vapor,  gases  like  hydrogen  sulphide,  ammonia, 
carbon  dioxide,  and  alcohol  vapor  can  be  used,  and  enter  the  crystal 
taking  the  place  of  the  water  (see  Permutite).  These  substances 
are  chemically  so  different  from  water,  and  from  one  another,  that 
the  phenomenon  looks  morewUke  a  phydcal  substitution  than  a 
replacement  in  chemical  combination.  These  and  other  facts  suggest 
that  hydrates  may  be  crystallographic  arrangements  of  different 
kinds  of  particles,  of  a  physical  nature,  rather  than  chemical  coat' 
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pounds  m  the  ordinary  sense.     This  suspieioa  has  recently  been 
confinned  in  a  rnnarkable  way. 

Moaeley'a  Atomic  Numbers.  —  We  have  seen  tiiat  simple, 
mathematical  relations  between  the  atomic  wdghts  and  the  physi- 
cal or  chemical  properties  of  an  donent  do  not  exist.  In  several 
instances,  the  atomic  weghts  are  not  even  in  the  same  order  aa 
are  the  values  of  the  properties.  We  have  now  obtained  from 
another  direction  numbers  which  seem  to  be  more  fundamental 
even  than  atomic  weights. 

Yirable  light,  X-raya,  and  mrelesa  electric  wav  s  are  a&  vibraticms 
<A  the  same  nature  in  the  ether.  They  differ  only  in  wave-length, 
the  order  of  the  wave-lengths  bdng  10^  cm.,  lO"*  cm.,  and  lO*  cm. 
(10  kilometers),  respectively.  Now,  just  as  the  spectrum  of  viable 
light  is  obtained  by  udng  a  grat- 
ing, on  which  the  rulings  are  sep- 
arated by  distances  of  the  order 
of  the  wave-length  of  such  light, 
80  ordinary  crystals  pve  spectra 
of  X-rays,  because  they  are  com- 
posed of  particles  arrai^ed  in 
rows  about  one  thousand  times  closer  and  so  form  a  suitable  grating 
for  X-rays.  This  fact  was  first  discovered  by  Dr.  Laiie  of  the 
Univermty  of  Zurich  (1912).  The  X-rays  are  produced  in  an  evac- 
uated tube  by  cathode  rays,  which  are  streams  of  electrons  emanating 
from  the  cathode  (C,  f^.  113),  when  th^  strike  the  anti-cathode 
(A). 

With  different  elementa  on  the  anti-cathode,  X-rayB  of  slightly 
different  wave-lengths,  and  giving  therefore  diiferent  X-ray  spectra, 
are  produced.  By  usit^  different  elements,  Moseley  (1914)  has 
found  that  the  higher  the  atomic  weight  the  shorter  the  wave-length 
lof  the  X-rays.  When  the  elements  are  arranged  in  the  order  of  these 
wave-lengths,  whole  numbers  can  be  assigned  to  each  which  are 
inversely  proportional  to  the  square  roots  of  the  wave-lengths  of 
corresponding  hnes  in  their  X-ray  spectra.  These  atomic  numbers 
have  been  determined  for  most  of  the  elementa,  the  atomic  weighte 
of  which  lie  between  those  of  aluminium  and  uranium.  In  the  fol- 
lowing table,  the  atomic  numbers  for,the8c  elements  are  given  and, 
for  the  sake  of  greater  completeness,  numlters  for  the  twelve  elements 
preceding  aluminium  have  been  inserted  also. 
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Ag  47 
Cs  65 

Au  79 

871 


ATOMIC  NUMBERS  (MOSELK7) 

6M-     TO      8! 

14  P     IflS     16  a  17 

.    22V     23 Cr  24Ma25F«  26 

)  32  Aa  33  8e    34  Br  36 

'   40  Cb  41  Mo  43—  43  Ru  44 

1  60  Sb  61  Te  621  " 

.  68Ta73*W    7*—  itiOa 

>  82  Bi    SapPo   84T-  * 

1  90^U-Xi91U     92  . 


Co  27  Ni  28 
Rh'46Pd'46 

a  pi  re 


*  llie  atomic  numbers  59-72  are  those  of  the  metals  of  the  rare  earths:  Pr  59, 
Nd60,— 61,  8a  62,  Eu  63,  Gd  64,  Tb  65,  Dy  66,  Ho  67,  Er  68,  Tm  69,  Yb  70, 
Lu71,— 72. 

It  will  be  seen  that  there  is  a  whole  number  available  for  every 
known  element,  up  to  and  including  uranium,  ajid  not  omitting  the 
rare  elements  which  have  no  satisfactory  place  in  the  periodic  syBtem. 
There  are  four  blank  numbers  in  the  table,  of  which  three  corre- 
spond to  spaces  below  Mn  in  the  periodic  system,  and  two  more 
amongst  the  rare  elements,  indicating  only  six  elements  with  atomic 
weights  less  than  that  of  uranium  yet  to  be  discovered.  The  atomic 
numbers  of  argon  and  potassium  place  them  in  the  chemically  cor- 
rect order,  while  the  atomic  we^hts  do  not.  The  same  is  true  of 
tellurium  and  iodine.  Finally,  it  is  evident  that  the  atomic  weight 
of  each  element  is,  roughly,  double  its  atomic  number. 

The  atomic  numbers  represent  the  number  of  unit  positive 
charges  of  electricity  in  the  nucleus  of  the  atom  of  each  dement 
(p.  354).  Rutherford  has  shown  that  the  nucleus  contains  almost 
the  whole  mass  of  the  atom,  although  one  or  more  electrons  (n^a- 
tive)  are  present  also.  Thus,  the  positive  nucleus  of  the  hydrogen 
atom  is  1800  times  heavier  than  an  electron.  The  nucleus,  however, 
is  very  minute,  having  a  <^ameter  only  about  one-^ghteen  hundredth 
of  that  of  an  electron. 

The  atomic  numbers  apparently  determine  all  the  properties 
of  each  element,  and  are  more  fmidamental  than  the  atomic  weights. 
The  latter  are  secom'Ary  properties,  in  most  cases  modified  by  other 
factors,  and  in  two  cases  actually  thrown  out  of  order  by  such  factors. 

Crystal  Structure.  —  In  this  connecUon  it  may  be  mentioned 
.that  by  using  crystals  of  different  substances  as  X-ray  gratings, 
W.  L.  Bragg  (1914)  has  been  able  to  measure  the  distances  between 
the  rows  of  particles  in  ciystals.    He  also  finds  that  the  particles. 
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the  r^ular  arraDgement  of  which  gives  the  structure  (p.  171)  of  the 
ctystal  {e.g,,  a  cube  of  common  salt),  are  not  the  molecules  of  the 
compound,  much  less  aggr^ates  of  such  molecules,  but  the  atoms 
of  the  constituent  elemente.  It  would  thus  appear  that  th^  phyaca) 
forces  (if  we  may  call  them  phyracal)  which  hold  the  c^staUine 
solid  t<^ther  have  subonUnated  the  chemical,  molecular  Btnicture, 
and  have  arranged  the  constituent  atoms,  as  the  units  of  the 
Btnicture,  in  a  crystallc^raphic  .pattern.  Of  courae,  when  the  crystal- 
form  is  destroyed,  by  melting,  solution,  or  vaporization,  the  ndgh- 
boring  atoms  rem^n  united  in  groups,  constituting  the  chemical 
molecules  of  the  substance. 

Ex^rdaes.  —  1.  Can  you  explain  the  presence  of  free  selenium 
in  the  flues  of  pyxite  burners  (p.  454)? 

2.  How  should  you  attempt  to  obtain  HjTe,  and  what  physical 
and  chemical  properties  should  you  expect  it  to  possess? 

3.  Why  dctes  the  existence  of  tellurium  tetrachloride  in  solution 
in  aqueous  hydrochloric  acid  show  tellurium  to  be  somewhat  metallic 
in  chemical  properties? 

4.  Make  a  list  of  bivalent  elements  and  criticize  this  method  of 
grouping  as  a  means  of  chemical  classification. 

5.  Write  down  the  symbols  of  the  elements  in  the  fomth  series 
(that  beginning  with  rubidium,  and  endii^  with  iodine)  on  p.  461. 
Record  the  valence  of  each  element  toward  oxj^en,  using  for  refer- 
ence the  chapters  in  which  the  o^^n  ocsnpounds  are  described. 
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CHAPTER  XXIII 

OZnnS  AND  OXTOKN  ACIDS  OF  THE  HALOQKNS. 
OZIDATJON  AND  RBDUCTIOH 

The  chief  subjects  of  practical  importance  touched  upon  in  this 
chapter  are  connected  with  bleaching  powder  GaCl(OCl),  and  potas- 
sium chlorate  KClOj  and  perchlorate  KCIO4.  Hence  our  attention 
will  be  largely  directed  to  the  modea  of  making  these  substances  and  to 
■  their  relations  to  one  another.  Incidentally,  we  shall  encounter  many 
actions  of  a  complex  and,  to  us,  more  or  less  novel  kind. 

Compounds  of  Chlorine  ConttUning  Oxygen,  —  The  follow- 
ii^  are  the  names  and  formulse  of  the  substances: 

HCIO  Hypochlorous  acid  CliO  Hypochlorous  anhydride 

(HClOs)  Chlorous  acid  

ClOj  Chlorine  dioxide 

naO,  Chloric  acid  

HCIO4  Perchloric  acid  C1»0t  Perchloric  anhydride 

There  are  also  salts  of  these  acids,  like  the  three  substances 
mentioned  in  the  first  paragraph.  Chlorous  acid  is  itself  unknown, 
but  potas»um  chlorite  KClOt  and  some  other  derivatives  have  been 
made. 

The  two  anhydrides  (p.  150),  when  brought  into  contact  with 
water,  combine  with  it  to  form  the  acids  opposite  which  they  stand 
in  the  table.  Chlorine  dioxide  iq.v.),  however,  is  not  related  to  any 
one  acid  in  this  way. 

All  these  compounds  differ  from  most  that  we  have  hitherto  dis- 
cussed inasmuch  as  not  one  of  them  can  be  made  by  direct  union  of 
the  simple  substances. 

Nomenclature  of  the  Acids  and  their  Salts. — The  adds 
and  salts  are  named  on  a  plan  similar  to  that  used  in  the  case  oi 
the  sulphur  acids: 
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KCIO  Potaaeium  hypoehhiite,  HCIO  JlypocMoioua  acid, 

KClOi  Potassiuiii  chlorife,  HCIO,  Chlortms  acid, 

KClOj  Potaaaum  chlorate,  HClOi  Chloric  acid, 

KCIO4  Potasaum  percblorate.  HCIO*  Perchloric  acid. 

It  should  be  noted,  however,  that  the  use  of  ic  and  cms  for  more  and 
less  oxygen,  respectively,  and  of  hypo  for  still  less  and  of  per  for 
still  more  oxygen,  are  amply  relative  terms  vnthin  a  single  group. 
Thus,  sulphuric  acid  H^04  has  a  composition  entirely  different 
from  chloric  acid,  and  both  of  these  differ  in  compo^tion  from 
phosphoric  acid  HaPO*.  The  names  and  formulse  of  each  group 
must  be  learned,  separately. 

Chlorine  Monoxide  or  Hypochlorous  Anhydride  ChO. — 

A  solution  of  pure  hypochlorous  acrd  is  most  easily  prepared  by 
dissolvii^  the  anhydride  in  water.  The  anhydride  is  obtained  1^ 
pasffli^  chlorine  gas  over  warmed  mercuric  oxide*  HgO  (F^.  88, 
p.  217) .    Each  of -the  constituents  of  the  oxide  combines  with  chlorine : 

HgO  +  2C1,  -» HgCl,  +  C1,0. 
The  mercuric  chloride  then  unit«s  with  another  fonnula-wdght  of 
the  mercuric  oxide  to  form  a  solid  baac  mercuric  chloride  HgO, 
!^;CI|,  which  remains  in  the  tube.  The  chlorine  monoxide  is  a 
brownish-yellow,  heavy,  easily  liquefied  gas  (b.-p.  5").  Both  the  ■ 
gaseous  and  liquefied  forms  of  it,  the  former  when  wanned,  the 
latt^  when  touched  by  paper  or  dust,  decompose  into  the  constituents 
with  exploaon.  The  gas  dissolves  in  water  very  easily  (200  : 1,  by 
vol.).     The  yellow  solution  of  hypochlorous  acid  which  results: 

CUD  +  HiO  £?  2H0CI, 
has  a  strong  odor  of  chlorine  monoxide,  because  the  combination 
is  reverable,  as  it  is  in  sulphurous  acid  (p.  444).     There  are  other 
ways  of  preparing  a  dtliUe  solution  of  the  acid  (see  below). 

Properties  c^  Hypochlorous  Acid.  —  1.  Hypochlorous  add  is 
tutttftble,  and  cannot  be  made,  excepting  in  solution,  or  kept,  ex- 
cepdi^  in  dilute  solution.  This  is  in  consequence  of  its  tendency 
to  decompose  in  three  different  ways,  one  of  which,  the  liberation 
of  the  anhydride,  has  just  been  mentioned. 

*  The  cryBtalline,  red  oxide  is  not  Bufficientl;  active.  The  oxide  must  be 
preoi[»tated  from  sodium  hydroxide  and  mercuric  nitrate  solutions,  it  must 
be  washed  thorough  on  a  filter,  and  be  dried  at  300-100°  befwe  use. 
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2.  Hypochlorous  acid  ia  a  little-ioniEed,  weak  Mid. 

H0Cl!=tH+  +  C10-. 
It  neutralizes  active  bases,  its  ionization  equilibrium  hang  dis- 
placed forwards  as  the  hydrogen-ion  H"*"  is  removed  to  form  water: 
NaOH-k^OCl  ^  NaOCl  +  H,0. 

3.  The  solution,  if  strong,  or  when  boiled,  gives  off  chlorine 
monoxide  CliO,  the  union  with  water  being  reversible. 

4.  If  the  solution  is  concentrated,  much  of  the  hypochlorous 
acid  dluBicM  gradually  Into  ehlorio  add  and  hydrt^n  chloride. 
This  is  a  self-oxtdation.    It  occurs  even  in  the  dark: 

3HOa-»HaO,  +  2HCl. 

5.  When  the  solution  is  exposed  to  mnll^it,  axfgta  !■  vrolTsd. 

2H0C1-*2HCI  +  0»T. 
This  decomposition  always  takes  place  in  sunlight,  whether  the 
acid  is  present  alone  in  the  water,  or  along  with  other  substances. 
We  have  already  noted  this  fact  in  discusdng  chlorine-water  (p.  223), 
which  contains  this  acid. 

6.  Id  coQsequeace  of  the  ease  with  which  it  ffvea  up  oxygen, 
hypochlorous  add  is  a  strong  nriiWrim  agsnt.     In  this  direction 

'  it  has  several  important  commercial  applications  (see  below). 

Commercial  Preparation  ctf  Hypochlorites.  —  For  commer- 
cial purposes,  pure  hypochlorites  are  not,  aa  a  rule,  required. 
Hence,  lodluin  or  potauimn  hrpotihlorlta  is  prepared  by  the  action 
of  sodium  or  potassium  hydroxide  on  chlorine-water.  The  latter 
contains  both  bydrocbloric  and  hypochlorous  acids,  .and  so  a 
solution  containing  a  mixture  of  sodium  or  potassium  chloride  and 
hypochlorite  is  obtained: 

CI,  -I-  H,0  j±  HCl  -f-  HOCl.  (1) 

HCl  -I-  KOH  5=i  KCl  +  H,0.  (2) 

HOCl  -I-  KOH  <=t  KOCl  +  H.O.  (3) 

Although  action  (1)  is  only  partial,  being  strongly  reversible,  the 
neutraUzation  of  the  two  acids  in  actions  (2)  and  (3)  displaces  the 
first  equilibrium,  and  all  three  actions  proceed  to  completion. 
Action  (1),  followed  by  (2)  or  (3),  is  a  pair  of  consecutive  actions 
(p.  445),  of  which  the  second  (the  neutralization)  is  the  speedier 
of  the  two.     Both  pairs  of  consecutive  actions    (1)  -{-  (2)  and  (1) 
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+  (3),  can  be  combined  in  one  equ&Uon.  Thus,  omitting  the 
water,  which  appears  both  among  producta  and  initial  substances 
and  in  any  case  is  present  in  large  excess  as  a  solvent,  and  omitting 
also  the  two  acids,  which  are  used  up  as  quickly  as  they  are  pro- 
duced by  equation  (1)  and  are  not  amongst  the  actual  products, 
we  get,  by  addition  of  the  three  equations  (t^.  p.  270),  the  final 
equation: 

CU  +  2K0H  -» KCl  +  KOCl  +  H,0. 
As  lime  is  a  lees  expensive  alkali  than  is  potasaum  or  sodium 
hydroxide,  it  is  lai^ly  used.    The  chlorine  is  led  into  rotating 
cylinders  containing  quicklime  CaO: 

CI 
CaO  +  CU^Ca( 

^OCl 
The  product  is  not  a  mixture,  but  a  mixed  salt  (p.  401),  known  as 
HftitTilfir  powd«r  or  "chloride  of  lime."    The  fact  that  this  is  a 
mixed  salt  does  not  interfere  with  its  use  as  a  commercial  source  of 
hypochlorous  acid.    It  is  only  uKxlerately  soluble  in  water. 

Hypochloroua  Add  from  Bleaching  Ptncder,  —  1.  When  ■ 
bleaching  powder  is  dissolved  in  water,  being  a  salt,  it  is  very  ex- 
tens  vely  ionized  (see  formulation,  below).  If  now  an  acHve  add, 
that  is,  one  giving  a  lai^  concentration  of  hydrogen-ion,  is  added, 
the  valuee  of  the  products  of  the  concentrations  (H+)  X  {Cl~)  and 
(H+)  X  (OCt~),  on  which  depend  the  extent  to  which  molecules  of 
HCl  and  HOCl  will  be  formed  (p.  359),  are  large.  HCIO,  being 
littJe  ionized,  is  formed  extensively:  HCl,  being  highly  ionized  is 
formed  in  much  smaller  amount.  Both,  however,  interact  to  pro- 
duce chlorine  and  water,  and  this  displaces  the  other  equilibria. 
Hence  an  active  acid  decomposea  the  salt  almost  completely.  An 
active  acid  gives,  therefore,  chlorine-water,  and  not  pure  hypo- 
chlorous  acid. 

CaCl(OCl)  ^  Ca++ -H  Cr -(- OCl-  2.  A  weak  add,  however, 
HSOi  T±  80«=  -f  H+  +  H+  like  boric  acid  or  carbonic 
m  {t  add,  gives  so  low  a  concen- 
HCl  HOCl  tration  of  H+  that  union  of 
'  Z  ■  this  ion  with  OCl-  occurs  to 
_  „^f  „,  form  the  little  ionized  HOCl 
^^  "^  ^  only,  and  practically  no  com- 
bmation  of  H'''  with  CI~  takes  place  (see  bleaching). 
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CaCl(OCl)  T±  Ca-H-  +  cr  +  OCl-I  ^  Trnr, 
HjCO,  sa  C0,=  +  H+ +  H+   f^"^^'- 

When  the  dilute  mixture  is  distilled,  chlorine  monoxide  (2H0C1  ^ 
HtO  +  CliO)  passes  over  with  the  steam,  and  so  a  dilute  hypo- 
chlotxtus  acid  can  be  obtained. 

Hypochlorous  Acid  from  Chlorine-Water.  —  An  interesting 
way  of  obtaining  dilute  hypochlorous  add  is  to  add  chalk  CaCO* 
to  chlorine-water  and  distil.  Here,  the  chalk  is  insoluble,  and  so 
gives  a  very  low  concentration  of  Ca++  +  COi~.  The  HCl  in  the 
chlorine-water  gives,  however,  a  sufficiently  large  concentration 
of  H+  to  combine  with  the  C0»—  to  form  HjCOj,  which  is  hardly 
ionized  at  all.  This  carbonic  acid  HiCOt  then  deoompoees  and 
carbon  dioxide  is  liberated: 

CCO.(«,Ud)«0^0.(«vd)g.p+C0.=^j,,C0.^H^^CO.. 

The  hypochlorous  acid,  however,  remains  molecular  HOCI,  ^ves 
almost  no  H^,  and  so  for  the  most  part  remains  unaffected.  It 
can  afterwards  be  distilled  off  with  the  water. 

Hypochlorous  Acid  cM  €m  Oxidixing  Agent.  —  Hypochlorous 
acid,  in  decomposing  into  oxygen  and  hydrochloric  acid,  gives  off 
heat.  HOCI,  Aq  -^  HCI,  Aq  +  0  +  9300  cal.  Hence  more  energy 
is  liberated  in  oxidation  by  the  acid  than  in  oxidation  by  free 
oxygen,  and  the  acid  is  therefore  more  active  as  an  oxidizing  agent 
(p.  314).  Thus,  hypochlorous  acid,  either  in  pure  solution  or  in  the 
form  of  chlorine-water,  oxidizes  sulphurous  acid  instantly : 

H»SOs  +  HOCI  -»  HtSO*  +  HCl. 

It  also  oxidizes  bromine  and  iodine,  in  water,  although  these  ele- 
ments are  not  affected  by  free  oxygen,  giving  bromic  and  iodic 
acids,  respectively: 

5HCI0  -1-  I,  +  H,0  -» 5HC1  +  2HI0|. 

The  solution  also  oxidizes  oi^anic  colored  substances  (p.  315), 
producing  colorless,  or  leas  strongly  colored  ones.  Thus,  it  oxidizes 
indigo  (deep  blue)  quickly  to  isatin,  a  yellow  substance  relatively 
pale  in  color: 

C»H„JSI,0,  -I-  2H0C1  -» 2Cm6N0,  +  2HCL 
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In  ways  just  aa  definite  as  this,  hypoebloroua  acid  will  change  the 
composition  of  other  coloied  substances,  although,  since  we  do  not 
know  the  formulse  of  aU  these  substances,  we  cannot  always  write 
equations  for  the  sctiona.  Thus,  the  interaction  by  which  chlon>< 
pbyll,  the  green  colorii^;  matter  of  plants,  is  bleached  is  doubtless 
siiuilar  to  the  above,  although  the  formulte  of  materials  concerned  are 
unknown. 

HypochlorouB  Add  03  a  Bleaching  Agent.  —  It  is  on  account 
of  its  oxidiidng  power  that  hypochlorous  acid  is  used  conunerciaUy 
in  blMohlnc.  It  is  not  applied  to  paints,  which  are  chiefly  mineral 
substtmcea,  but  to.  complex  compounds  of  carbon,  such  as  consti- 
tute the  coloring  matters  of  plants  and  of  those  artificial  dyes  which 
are  now  manufactured  in  great  variety.  It  should  be  understood 
that  the  great  majority  of  the  complex  compounds  of  carbon  are 
colorless.  Even  a  slight  chemical  change,  affecting  dbly  one  or  two 
of  the  atoms  in  a  complex  molecule,  is  thus  almost  sure  to  give  a 
coloriess  or  much  less  strongly  colored  materiaL 

Cotton  and  linen,  in  their  ori^nal  states,  are  not  pure  white. 
Bleaching  is,  therefore,  an  extenmve  and  most  important  industry. 
The  yam  or  cloth  must  first  be  freed  from  cotton-wax  and  tannin, 
mnce  the  former  would  protect  it  from  the  action  oi  the  bleaching 
agent,  and  both  would  make  the  subsequent  dyeing  uneven.  The 
material  is,  therefore,  fii&t  boiled  with  very  dilute  sodium  hydroxide 
solution,  and  washed  with  water.  The  goods  are  then  saturated 
with  bleaching  powder  solution,  and  piled  loosely  unUI  the  coloring 
matter  has  been  oxidized.  They  are  finally  washed  with  extreme 
thoroughness. 

As  a  rule,  an  active  acid  is  not  added.  The  bleaching  is  pro- 
duced by  the  hypochlorous  acid  liberated  by  the  action  of  the  car- 
Ixm  dioxide  from  the  ur.  The  carbon  dioxide  dissolves  in  the  - 
water  of  the  solution  on  the  goods,  and  forms  carbonic  acid: 
COt  +  H,0  fi  HiCO,  (see  p.  476,  par.  1).  The  subsequent  wash- 
ing removes  all  traces  of  the  bleaching  powder,  of  the  lime  which 
the  powder  often  contains,  and  of  the  hypochlorous  acid,  which 
otherwise  would  act  gradually  upon  the  cotton  or  linen  and  "rot" 
it.  Bleachii^  agents,  when  used  in  the  household  without  sufficiently 
earful,  subsequent  washing,  are  liable  to  cause  serious  damage 
from  this  cause. 

Cotton  and  linen  are  composed  of  cellulose  (C«H]oO()>,  a  rather 
inert  substance,  and  one  which  is  very  slowly  acted  upon  by  dilute 
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hypochlorous  add.  Hence,  with  brief  contact  and  proper  han- 
dling, no  damage  is  done.  Wool,  ailk,  and  feathers,  however,  are 
composed  largely  of  compounds  (protons)  cont^ning  nitrc^en 
(up  to  15  per  cent),  in  addition  to  the  above  three  elements.  Their 
constituent  material  interacts  as  easily  with  hypochlorous  acid  as 
do  the  traces  of  coloring  substances.  Hence,  since  the  fabric  itoelf 
would  be  attacked  by  this  agent,  sulphur  dioxide  or  sulphurous 
acid  (p.  445)  is  used  for  bleaching  these  materials. 

It  should  be  understood  that  a  cold  dilute  solution  of  hypochlorous 
add  may  be  kept  (in  the  dark)  almost  indefinitely  and  will  not  ^ve 
up  its  oxygen  spontaneously.  The  tranter  takes  place  when,  and 
only  when,  the  add  comes  in  contact  with  some  substance  capable 
of  uniting  with  oxygpa.        • 

Bleaching  Powder  in  Sanitation.  —  A  dlalnfectant  is  a  sub- 
stance which  destroys  bacteria  and  other  minute  orgaoisnis. 
Bleaching  powder  has  a  distinct  odor  of  chlorine  monoxide  {not 
chlorine).  This  is  due  to  the  action  of  atmospheric  carbon  di- 
oxide liberating  hypochlorous  add  (p.  476).  The  dry  powder 
therefore  will  disinfect  the  air  and  surrounding  objects.  It  must 
be  used  with  discretion,  however,  as  the  gas  is  very  corrosive. 

As  already  mentioned  (p.  142),  in  the  purification  of  dty  waters 
the  organisms  (associated  in  some  way  with  colon  bacilh)  which  ^ve 
rise  to  typhoid  fever  are  destroyed  by  adding  a  small  proportion  of 
bleachii^  powder  in  the  form  of  a  2  per  cent  solution  (about  17—24 
lbs.  of  the  powder  per  million  gallons  of  water).  The  salt  is  hydro- 
lyzed  (p.  398),  giving  a  basic  caldum  chloride  and  free  hypochlorous 
acid.  The  latter  kills  the  organisms,  and  is  itself  decomposed  in 
the  process,  so  that  nothing  offensive  remains  in  the  water.  There 
is  only  a  minute  increase  In  the  proportion  of  salts  of  caldimi  (hard- 
ness). Sewage  is  sometimes  freed  from  pathogenic  organisma  in 
the  same  way. 

Recently,  chlorine-water,  made  by  use  of  cylinders  of  liquid 
chlorine  (p.  221),  has  in  many  cases  taken  the  place  of  bleaching 
powder  solution  for  this  purpose. 

Qdorine  not  a  Bleaching  Agent.  —  Chlorine  itself  is.  often, 
erroneously,  described  as  a  bleaching  agent.  If  a  dry,  colored 
doth  be  hung  for  a  week  in  chlorine  gas,  dried  by  a  little  sulphuric 
add  in  the  bottom  of  the  bottle  (Fig.  114),  little  or  no  change  in  the 
color  will  occur.    But  a  wet  rag  is  bleached  as  soon  as  the  chlorine 
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has  time  to  dissolve  in  the  \mter  and  give  the  necessary  hypocblorous 
acid.     Flowers  are  bleached  by  dry  chlorine  gas,  be- 
cause by  thmr  nature  they  contain  the  indispensable 
water. 

Thermochemistry  of  Sypochloroua  Acid.  —  As 

we  have  seen  (p.  35)/  chemical  changes  which  proceed 

spontaneously  are  accompanied  by  a  transformation 

of  free  internal  energy  into  some  other  form  of  energy. 

Hence,  a  substance,  or  system  of  substances,  which 

undergoes   such  a  change,    possesses   more   chemical 

energy  and  activity  before  the  change  than  after  it. 

In  consequence,  if  some  given  chemical  change  uses  the 

products  of  such  an  action,  and  can  be  brought  about 

by  the  employment  of  the  original  substance,  the  em- 

{^yment  <rf  the  latter  will  involve  a  greater  liberation  of  energy, 

and  will  therefore  be  more  likely  to  secure  the  consummation  of  the 

chai^  in  question. 

The  decompo^tion  of  hypochlorous  acid  and  of  chlorine  monoxide 
are  cases  where  there  is  a  very  marked  difference  between  the  amount 
of  chemical  energy  in  the  ori^nal  substances  and  in  the  products  of 
decompoatioD,  hydrogen  chloride  and  free  oxygiea  in  the  first  case,  and 
free  cUorine  and  oxygen  in  the  second.  Hence  the  changes  into  these 
subetancee  sometimes  are  of  the  nature  described  as  explosive.  A 
more  important  fact,  however,  is  that,  on  this  account,  hypocUoroua 
add  and  chlorine  monoxide  are  more  active  oxidizing  agents  than  is 
free  oxyg/ea  gas.  The  energy  hberated  in  the  decomposition  of  the 
hypocUorous  acid  has  to  be  added  (p.  315)  to  that  which  free  oxygen 
Goijd  ^ve,  if  performing  the  same  oxidation,  in  order  that  ths  total 
fan  In  ctianET,  which  loeuarss  Um  tm^gaaj  oi  ths  aetlom  to  taka 
pUM,  may  be  estimated.  H^ice,  substances  that  are  not  affected  by 
free  oxygen  may  be  changed  instantly  by  hypochlorous  add.  This 
explains,  for  example,  the  oxidation  by  hypochlorous  acid  of  many 
carbon  compounds,  including  those  which  are  colored,  when  atmos- 
pheric ur  is  without  action.  Thus,  the  heat  liberated  in  the  oxidation 
of  indigo  to  isatin  by  oxygen  gas,  if  it  could  be  carried  out,  would  be 
1800  cal.  The  much  greater  heat  liberated  when  hypochlorous  acid 
is  used,  ve  obtain  by  adding  the  thermochemical  equaticms: 
2HC10  =  2HC1  +  20  +  18,600  cal. 

CMHiiJfiOt  -H  20  =  2C,HJJ0,    +  1800  cal. 

CuHuNiOi  -f  2nCiO  "  2CiH»N0i  +  2HCI  -t-  20.400  caL 
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rough  idea  of  the  relfttin 


9,300  I 


The  following  thonnocheiiucal  equations  give  a  rough 
ondising  powere  of  the  chief  oxygen  acids  of  the  halogens: 

HCIO,  Aq  -  HCl,  Aq  +  O    +    9,300  cal.,  or  +9,3 
HCIO,,  Aq-HCl,Aq  +  30  + 15,300  cal.,  or  +    fi,100     eftl.  for 
HCIO*,  Aq  -  HCl,  Aq  +  40  +      700  ca!.,  or  +       170  I  taeh  atoEole 
HBiOi,Aq-HBr,Aq  +  30+  15,000cal.,  or  +    fi,000  Iweif^t  (^ 
HIO,,    Aq-HI,    Aq  +  8O—42,e00cal.,  or— •14.300     oiygen. 
HIO,,    Aq-HI,    Aq  + 40 -34,500  cal.,  or-    8,800  ] 

Formerly  a  difierent  explanation  for  actions  like  that  of  hypocfaloroua  acid, 
when  it  behaves  as  an  oxidising  agent,  was  offered.  It  was  suggested  that  the 
oxygen  was  first  liberated  from  the  acid:  HOCt  — >  HCl  +  0,  and  that  the  sin^ 
atoTna  of  the  element  ao  produced  were  more  active  than  molecular  oxygen. 
Elxactly  how  the  hypochlorous  acid,  lacking  all  cons^usnees,  knew  that  an 
oxidizable  body  was  present,  and  proceeded  to  hberate  the  atoms  of  oxygen,  was 
never  explained.  This  oxygen,  which  was  suppoeed  to  inteiwlt  in  the  momMit  of 
its  production,  was  called  iiaaMiit  o^gon.  But  it  will  be  seen  that  such  an  ex- 
planadoD  is  «ktirely  unneoeesary.  The  activity  of  the  hypochl<n«us  add  on 
account  of  its  large  store  of  free  eoei^  sufficiently  accounts  for  tbe  facts  (see 
Nascent  hydrogen). 

Chemical  Properties  of  Hypochlorites.  —  Whea  hypochlo- 
rites are  heated  they  change  into  chlorates  (see  below).  They  may 
also  give  off  oxygeai,  2CaCl(0Cl)  -►  2CaCli  +  Oi-  Although  this 
decompositiou  is  slow  Id  cold  aolutiona  of  hypochlorites,  or  when 
they  are  preserved  in  the  dry  form,  it  may  be  hastened  by  means 
of  catalytic  agents.  The  addition  of  a  little  cobalt  hydroxide  {q.v.) 
to  a  paste  of  bleaching  powder  and  water  causes  rapid  evolution  (k 
oxygen. 

Chlorates.  —  like  hypochlorous  acid  itself,  the  hypochlorites 
turn  into  chlorates.  Thus,  when  chlorine  is  passed  into  a  warm, 
concentrated  solution  of  potaacdum  hydroxide,  and  particularly 
when  an  excess  of  chlorine  is  used,  the  potaasum  hypochlorite 
changes  into  potsMium  oblorate  KClOg  as  fast  ss  it  is  formed : 

SKQO  -» Kao,  +  2KCi.  (1) 

To  secure  the  three  molecules  of  the  bypociUorite,  the  equation  for^ 
merly  given  (p.  475)  must  be  tripled: 

301,  +  6K0H  -*  3KCI  +  3KC10  +  3H.0.  (2) 
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When  these  are  added,  and  the  intermediatfi  subatance  is  left  out,  the 
final  equation  is  obtained : 

3Ch  +  6K0H  -»  KCIO,  +  5KC1  +  SHjO. 

When  the  solution  is  cooled,  the  less  soluble  chlorate  crystallizes  out. 

This  action  involves  converting  five-sixths  of  the  valuable  potaa- 
fflum  hydroxide  into  the  relatively  less  valuable  potassium  chloride. 
Hence,  in  practice,  the  makers  carry  out  the  corresponding  action 
with  calcium  hydroxide.  They  then  add  potassium  chloride  to  the 
resulting  solution,  containing  calcium  chloride  and  calcium  chlorat* 
Ca(C10,)«  (sol'ty  175  :  100  Aq,  18").  The  potassium  chlorat^ 
(sol'ty  6.6  :  liX)  Aq,  18°),  formed  by  double  decomposition,  crystallizes 
when  the  solution  is  cooled. 

All  chlorates  are  at  least  moderately  soluble  in  water  (see  Table 
inMde  front  cover).  Potassium  chlorate  is  used  in  making  fireworks, 
explosives,  and  matches.  An  intimate  mixture  with  sugar  CuHbOu 
bums  with  semi-explosive  violence,  the  oxygen  of  the  salt  combimng 
with  the  carbon  and  hydrogen  to  form  carbon  dioxide  and  water. 

The  Separation  of  Substances  by  their  Solubility.  —  When 
neitber  of  tlie  products  of  an  action  approaches  absolute  insolubility,  »  separation 
may  nevertheless  be  eSected  more  or  less  perfectly  by  taking  advantage  of  differ- 
ence in  solubility.  Thus,  in  the  practical  ineth[>d  of  making  potassium  chlorate, 
the  calcium  chloride  is  exceedingly  soluble,  while  the  potassium  chlorate  is  only 
moderately  so.  Then,  t^x),  the  solubility  of  the  latter  decreases  rapidly  as  the 
temperature  is  lowered  (t'ig.  79,  p.  101).  Hence,  it  is  found  that  when  the  mix- 
ture is  cooled  to  — 18°  only  about  13.5  g.  of  potassium  chlorate  remain  dissolved 
in  each  liter,  and  are  lost.  At  0°  the  loss  would  be  greater,  for  at  this  temperature 
a  liter  of  pure  water  would  hold  33.3  g.,  and  a  liter  of  this  solution  would  contain 
more  than  thia  on  account  of  the  uncompleted  reversible  action  {cf.  p.  381): 

Ca(aO,),  +  2KCI  Ff  CaCl,  +  2KC10,. 

It  will  be  seen  that  we  reason  aa  if  the  solubility  of  each  substance  was  ind»> 
pendent  of  the  presence  of  other  dissolved  bodies  (p.  187). 

By  the  use  of  this  principle,  and  the  data  in  regard  to  solubility  In  Fig.  70 
(p.  191),  a  rough  idea  may  be  obtained  of  what  may  be  expected  in  any  given 
case.  From  the  diagram  the- solubilities  at  any  given  temperature  may  be  read. 
Suppoee,  for  example,  the  question  is  in  regard  to  the  quantity  of  potassium 
chlorate  we  may  expect  to  obtain  from  3  g.  (rf  potasuum  hydroxide  dissolved  in 
7  g.  of  water  (a  30  per  cent  solution).    From  the  equation: 
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ire  find  th&t  33B  K>  <rf  potassium  hydronde  i^re  122.G  g.  of  ohlc»ate  and  372.5  g. 
of  chloride.  Hence,  by  proportion,  3  g.  will  give  about  1  g.  and  3  g.  respectivdy. 
Hie  Bolubility,  rend  from  the  diagram,  is  the  amount  of  the  salt  dissolved  by  100 
c.c.  of  water,  for  example,  56.5  g.  of  potassium  ohioride  at  100°.  Some  of  the 
reeulta  are  given  in  the  form  of  a  table: 


Ctaamtm. 

Cau>un. 

Amount  tonm 
Solubility  at 

100° in 
Solubility  at 

20°  in 
Solubility  at 

O'in 

Bd  from  3  g.  KOH 
lOOcc.  Aq.   .   . 

7e.c.Aq.  .  . 
100  c.c.  Aq.   .   . 

7  c.c.  Aq  .  .  . 
100  c.c.  Aq.    .    . 

7c.c.Aq.   .   . 

3.0 
S6.5 

4.0 
34.7 

2,5 
28.0 

2.0 

1.0 
66.6 
4.0 
7.6 
O.S 
3  3 
0.2S 

Thus,  at  20°,  at  least  2.5  g.  of  the  3  g.  of  potassium  chloride  will  remain  dissolved, 
while  half  of  the  potasuum  chlorate  will  crystalliie  out.  If  the  solubihties  are 
examined,  it  will  be  seen  that  the  potassium  chlorate  is  even  more  easily  <^tain- 
able  in  pura  condition  when  calcium  chloride  takes  the  place  of  potassium  ohlcride. 

Chloric  Axdd.  —  Since  none  of  the  acids  of  this  series  can  be 
obtained  by  direct  union  of  their  elements  (p.  472),  it  ia  usual  first 
to  prepare  the  salts,  and  to  make  the  acids  from  the  salts  by  double 
decomposition.  This  acid  may  be  obtained  in  solution  in  water, 
by  adding  the  calculated  amount  of  hydrofluosilicic  add  to  a  solution 
of  potasfflum  chlorate: 

2KaO,  +  H^iF.  r±  K,SiF,  i  +  2HC10,. 

The  potassium  fluosilicate,  being  insoluble,  ia  removed  by  filtration. 
It  will  be  noted  that  double  decomposition,  involving  pradpltatirai, 
DUV  thus  b«  uMd  for  obtaining  a  solubl*  product,  as  well  as  an  in- 
soluble one  (c/*.  selenic  acid,  p.  454). 

The  statement  commonly  made  that  chloric  acid  is  prepared  by 
adding  dilute  sulphuric  acid  to  barium  chlorate  solution:  Ba(C10i)t 
+  HiSO*  r*  BaSOi  i  +  2HC10i,  is  interesting.  Barium  chlorate 
is  itaelf  made  from  chloric  acid  and  barium  hydroxide  I  The  acUon  of 
chlorine  upon  a  solution  of  the  latter  substance  cannot  be  used, 
because  the  chlorate  and  chloride  of  barium  are  equally  soluble 
(see  Table),  and  cannot  be  separated  by  partial  crystallisaticHi. 

The  solution  of  chloric  acid  may  be  concentrated  (to  about  40 
per  cent)  by  evaporation,  but  must  not  be  heated  above  40^,  as  the 

-■    C.ooylc 
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acid  decomposes  near  this  temperature.  The  resulting  thick,  ooloi^ 
less  liquid  has  powerful  oxidizing  qualities,  setting  fire  to  paper 
(made  of  cellulose  C(HidOb)  which  has  been  dipped  into  it.  It  con- 
verts iodine  into  iodic  acid,  5HC10,  +  3Ii  +  3HiO  -►  6HIO1  + 
5HC1.  When  warmed  beyond  40°  the  add  decomposes,  giving 
cblcnin*  <Uoxld«  and  p«re]il<nio  udd: 

3HC10,  -*  H,0  +  2C10,  +  HCIO4  (see  p.  495). 

Chlorine  Dioxide:  Chlorous  Acid.  —  Chimin*  dlozid*  ClOs 
(see  above)  is  a  yellow  gas  which  may  be  liquefied,  and  boils  at 
+  10°.  The  gas  and  liquid  are  violently  explosive,  the  substance 
being  resolved  into  its  elements  with  liberation  of  much  heat.  It  is 
formed  whenever  chloric  acid  is  set  free,  and  hence  it  is  seen  when  a 
little  powdered  potassium  chlorate  b  touched  with  a  drop  of  con- 
centrated sulphuric  acid  (end  of  last  section).*  Concentrated 
.  hydrochloric  acid  turns  yellow  from  the  same  cause  when  any  chlorate 
is  added  to  it.  These  actions  are  used  as  teats  for  chlorates,  and 
distJnguish  them  from  perohlorates  {q.v.).  With  water,  chlorine 
dioxide  gives  a  mixture  of  chlorouB  acid  HClOi  and  chloric  acid,  and 
with  bases  a  mixture  of  the  cbloiite  and  chlorate. 

Perchlorates.  —  When  heated,  chloric  acid  and  chlorates  give 
perchloric  acid  (p.  483)  and  perchlorates  respectively.  The  cbloratee 
also  give  oxy^sa  at  the  same  time  (p.  83) : 

(2KC10»^2Ka  +  30i, 
1 4KC10,  -» 3KCIO4  +  KCl. 

These  acUons,  like  the  three  decompo^tions  of  hypochlorous 
acid  (p.  474),  are  independent,  and  proceed  simultaneously.  They 
are  ooncumnt  reactions  (p.  485).  Their  relative  speed,  however, 
varies  with  the  temperature,  and  the  decomposition  into  chloride 
and  oxygen  may  completely  outrun  the  other  when  a  catalytic 
agent  like  manganese  dio:dde,  which  hastens  only  one  of  the  two 
actions,  is  added  (p.  97).  When  pure  potassium  chlorate  is  heated 
cautiously,  about  one-fifth  of  it  has  lost  all  its  oxygen  by  the  time 
the  rest  has  turned  into  perehlorate.    The  mixture  may  be  separated 

*  The  mixture  of  sugar  and  potassium  chlorate  (p.  481)  can  be  set  on  fire  by  a 
drop  of  sulphuric  acid  [Lect.  erp.].  The  latter  liberates  diloric  acid,  which  im 
turn  ffvee  Cld,  and  the  latter,  being  a  violent  oxidizing  agent,  startB  the  00m- 
buation  o(  the  sugar. 
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by  grinding  with  the  minimum  quantity  of  water  which  wiD  dissolve 
the  chloride  it  contains.  The  perchlorate,  having  at  15°  leas  than 
one-twentieth  of  the  solubility  of  the  chloride,  will  remain,  for  tiie 
most  part,  undissolved.  The  perchlorates  are  much  more  stable 
(p.  148)  than  the  chlorates,  or  hypochlorites:  they  are  all  soluble 
in  water,  and  they  are  uMd  in  nmkii^  matches  and  fireworks. 

PerchltHic  Acid  HClOt  and  Perchloric  Anhydride  Cyh.  — 

Pure  pvieblorlo  add  explodes  when  heated  above  92°.  But,  like 
other  liquids,  its  boiling-point  is  lower  when  its  vapor  is  under  reduced 
pressure  {<^.  p.  146).  At56mm.  pressure  it  boils  at  39°,  a  temperature 
at  which  hardly  any  decomposition  is  noticeable.  Hence  the  acid 
may  be  made  by  mixing  potassium  perchlorate  and  concentrated 
sulphuric  atad  and  distilling  the  mixture  cautiously  in  a  vacuum 
(p.  316). 

kciOa  +  ssOi  T±  KHSO4  +  Hao*!. 

Perchloric  add  is  a  colorless  liquid,  which  decomposes,  and  often 
explodes  spontaneously,  when  kept.  A  70  per  cent  solution  in  water 
is  perfectly  stable,  however.  Although  it  is  an  active  oxidizing 
agent,  it  is  not  so  active  as  chloric  acid,  and  does  not  oxidize  hydrogen 
chloride  in  cold  aqueous  solution.  Hence  a  drop  of  hydrochloric 
acid  placed  on  a  crystal  of  a  perchlorate  ^ves  no  yellow  color.  When 
the  acid  is  liberated  by  concentrated  sulphuric  acid,  it  does  not  at 
once  give  the  yellow  chlorine  dioxide  (p.  483). 

Psrehkfflc  antardrida  CUOr  may  be  prepared  by  adding  phosphoric 
-  anhydride  to  perchloric  acid  in  a  vessel  immersed  in  a  freezing  mix- 
ture, PjOi  +  2HC10t  -»■  2HP0,  +  CI1O7.  Phosphoric  anhydride  is 
often  used  in  this  way  for  removing  the  elements  of  water  from 
compounds.  It  combines  with  water  to  form  metaphosphoric  acid 
HPO».  By  gently  warming  the  mixture,  the  perchloric  anhydride 
can  be  distilled  off.  It  is  a  colorless  liquid  boiling  at  82°  (760  mm.), 
and  exploding  when  struck  or  too  strongly  heated. 

Relation  of  Anhydride  and  Acid  or  Salt.  —  The  derivation 
of  the  formula  of  the  anhydride  from  [that  of  the  acid  or  salt 
should  receive  special  attention.  In  the  mind  of  the  chemist,  the 
one  always  instantly  suggests  the  other,  so  often  does  he  think 
of  them  as  potentially  the  same  substance.  The  beginner,  how- 
ever, finds  this  habit  bard  to  acquire,  and  indeed  is  more  likely  to 
blunder,  in  trying  to  divide  t^e  formula  of  an  add  into  the  formulte 
j^  water  and  the  anhydride,  than  in  any  other  calculation  he  makes. 
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The  rule  is:  If  the  formula  of  the  acid  shows  an  ^en  number 
of  hydrogen  atoms  (H^SO*  or  HtSiOt),  subtract  all  the  elements 
of  water  (HiO  or  2HiO),  and  the  balance  is  the  anh3njride  (SOi 
or  SiOi).  The  divided  formukt  are  HiO,SOi  or  2H30,SiOt.  If 
there  is  an  odd  number  of  hydrt^en  atoms  (HC10«  or  HiPOO 
double  the  formula  (HiCl]0«  or  H»FtOg),  and  subtract  all  the  ele- 
ments  of  water  ae  before  (CliOr  or  FtOt).  Then  check  the  result, 
by  adding  the  water  again,  and  dividing  by  two,  correcting  the 
blunder  if  one  has  been  made. 

If  the  substance  is  a  salt  (CuSO*  or  KCIO*),  subtract  the  oxide 
of  the  metal  (CuO  or  K2O),  taking  care  to  asaign  to  the  metal  the 
same  valence  in  the  oxide  as  it  shows  in  the  salt  (SOi  or  CltOr). 

There  are  several  uses  for  this  art  of  ascertaimng  the  anhydride 
corresponding  to  a  given  salt  or  acid.  One  is  in  the  making  of 
equations  (e.g.,  pp.  496,  535).  Another  is  in  finding  the  valence  of 
the  noQ-metal.  Thus,  in  KCIO*  the  anhydride  is  CI1O7,  and  the 
valence  of  the  chlorine  is  seven.  In  HjPO*  the  anhydride  is  PjO» 
and  the  phosphorus  quinquivalent.  In  HPO»  (metaphosphoric 
acid),  the  anhydride  is  again  PsOs,  and  the  phosphorus  is  therefore 
in  the  same  state  of  oxidation  —  both  are  pbospboru  acids. 

SimultaneouM  Chemical  Changes  in  the  Same  Substances. 

—  When  two  or  more  reactions  go  on  simultaneously  in  the  same 
materials,  the  actions  may  be  consecutive  {p.  445)  or  they  may  be 
parallel.  In  the  latter  case  they  are  called  concurrMit  ruotloni. 
Thus,  hypochlorous  acid  undei^oes  three  different  changes: 

2HC10  -» H,0  +  CI,0. 

3HC10  -»  HCIO,  +  2HC1. 

2HC10  -*  2HC1  +  0,. 

Some  molecules  decompose  into  wat«r  and  chlorine  monoride  (p. 
474),  while  others  give  chloric  acid  and  hydrogen  chloride,  and  still 
others  hydrogen  chloride  and  oxygen.  Since  the  same  wdeade 
cannot  undet^  more  than  one  of  these  different  changes,  it  follows 
that  the  actions  are  indepejidertt  of  one  another.  This  is  shown 
by  the  fact  that  in  sunlight  the  third  predominates,  while  in  the 
dark  it  falls  far  behind  the  second.  Since  the  relaiive  quantities 
of  the  products  vary,  the  unrftl  slmultuMotis  actions  oaimot  bs  put 
in  tlu  same  eqiutltm.  The  fundamental  property  of  an  equation  is 
to  show  the  am^ani  proportions  by  weight  between  every  pair  of 
substances  in  it.     Hence  three  separate  equations  are  required  in 
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the  present,  and  in  all  siinilar  cases  where  all  the  proportions  are 
not  constant.     Thus,   agmn,   in  the  decompositicHi  of   potassium 
chlorate  by  heating  (p.  483),  it  would  be  misleading  and  wrong  to 
add  the  two  equations  together  and  write,  for  the  whole  action: 
2KC10,  -» KCl  +  KCIO,  +  0,. 

This  equation  would  mean  that  the  proportions  amongst  the  prod- 
■  ucts  were  always  KCl  :  KaO*  :  Oj  or  74.6  :  138.6  :  32,  whereas, 
in  fact,  the  proportions  vary  with  the  conditions  —  the  tempera- 
ture used  or  the  presence  of  a  catalyst  which  hastens  one  action 
but  not  the  other. 

ConsMutiTe  reactions  (p.  445),  however,  like  (1)  followed  l^  (2) 
on  pp.  433,  474,  may  be  combined  in  one  equation,  since  in  them 
all  the  proportions  must  necessarily  be  constant.  These  equations 
are  interlocked,  for  (2)  consumes  what  (1)  produces. 

Oxygen  Acid»  tjf  Bromine.  —  No  oxides  of  bromine  have  bera 
made,  but  the  acids  HBrO  (hypobromous  acid)  and  HBiOj  (bromic 
acid)  and  thdr  salts  are  familiar. 

By  the  action  of  bromine  on  dilute,  cold  i>otas&ium  hydroxide 
solution,  the  bromld«  and  lin>obromito  are  formed: 

Brs  +>KOH  -» KBr  +  KBrO  +  H,0. 
When  the  solution  is  heated,  the  hypobromite  turns  into  potanhim 
bromats  KBrOa  and  bromide.     The  actions  are  exact  parallels  of 
the  corresponding  ones  for  chlorine  (pp.  474,  480). 

Aqueous  bromic  acid  HBrOj  may  be  made  in  the  same  way  as 
chloric  acid  (p.  482),  or  by  the  action  of  chlorine-water  on  bromine: 
5HC10  +  Br,  +  HjO  -^  2HBrO»  +  5HC1. 

The  solution  is  colorless  and  has  powerful  oxidizing  properties.  Thus, 
it  converts  iodine  into  iodic  acid:  2HBrOj  +  Ij  — ♦  2HI0i  +  Bn. 
It  appears,  therefore,  that  iodine  has  more  afEnity  for  oxygen  than 
has  bromine. 

Oxide  and  Oxygen  Acids  of  Iodine.  —  The  following  are  the 
acids  and  their  corresponding  salts: 

[HIO  Hypoiodous  add],  [KIO  Potassium  hypoiodite], 

HlOt  Iodic  acid,  KIO*  Potassium  iodate, 

[HIO4  Periodic  acid],  NalO*  Sodium  periodate, 

HJOt  Periodic  acid,  NatHiIOt  Diaodiura  periodate. 

—  .,... .  Coo'ilc 
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The  Bubstaaoes  in  paxentbeds  have  not  been  isolated.    There  is  one 
oxide,  iodic  anhydride  IiO(. 

lodatea  and  Iodic  Add.  —  The  potassium  and  Sodium  asiie 
of  iodic  acid  are  found  in  Chile  saltpeter.  They  may  be  made,  in 
much  the  same  fashion  as  are  the  chlorates  and  bromates  (p.  4S1), 
by  adding  powdered  iodine  to  a  hot  solution  of  potasEiium  or  sodium 
hydroxide.  There  is  evidence  that  hypoiodites  are  formed  in  cold 
solutions,  but  they  change  quickly  to  iodates.  It  is  disodium  perio- 
date  NaiHJOc  however,  which,  being  the  least  soluble,  crystallises 
out. 

Iodic  add  HIOi  is  formed  by  pasong  chlorine  through  powdered 
iodine  suspended  in  water.  The  action  is  parallel  to  that  of  chlorine 
on  bromine  water.  A  still  better  way  is  to  boil  iodine  with  aqueous 
nitric  add  (q.v.).  The  latter  gives  up  oxygen  readily,  and  is  here 
used  solely  on  this  account.  Hence  it  may  be  omitted  from  the 
equation,  only  the  oxygen,  of  which  it  is  the  source,  appearing: 

I,  +  H,0  +  50  -♦  2HI0,. 

In  both  these  actions  the  initial  substances  (including  the  excess  of 
nitric  acid)  and  the  products,  with  the  exception  of  the  iodic  acid 
itself,  are  all  volatile.  When  the  solution  is  concentrated  by  evapora- 
tion, the  iodic  acid  crystallizes.  It  is  a  white  solid,  perfectly  stable  at 
ordinary  temperatures,  and  can  be  kept  indefinitely.  At  170°  it 
begins  to  give  off  water  vapor  2HI0»  ^  HjO  +  IiO*,  leaving  lodlo 
aobydtlde.  The  latter  is  a  white  crystalline  powder  Which  may  be 
raised  to  300°  before  it,  in  turn,  breaks  up,  giving  iodine  and  oxygen. 
In  aqueous  solution  iodic  acid  is  an  oxidizing  agent,  but  does  not 
part  with  its  oxygen  so  readily  as  do  chloric  acid  and  bromic  acid.  It 
oxidizes  hydrc^n  iodide  in  dilute  solution:  HIOj  +  SHI  — » 3H)0  + 
3Is,  all  the  iodine  being  liberated.  In  this  respect  it  resembles  concen- 
trated  sulphuric  acid  (p.  438).  Dilute  sulphuric  acid  shows  no 
oxidizing  qualities. 

VarioiM  Adds  Derived  from  One  Anhydride.  —  Some  adds 
are  related  to  their  anhydrides  as  are  hypochlorous  add  (p.  473)  and 
sulphurous  add  (p.  444).  One  molecule  of  the  anhydride  combines 
with  one  molecule  of  water.  In  other  cases,  however,  the  proportion 
of  water  may  be  less  or  greater  than  this.  Now  if  periodic  add  were 
of  the  former  type  (HiOjIiO?  =  2HI0(),  its  formula  would  be 
HIOi.    It  does  form  salts  of  this  type,  such  as  NalO*  and  AglOt. 
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But  the  free  acid  ia  a  deliquescent  solid  of  the  formula  HJOt 
(=  SHiOjIiOt),  and  the  most  easily  prepared  salt  belongs  to  this 
type.  All  types  are  coMed  periodates,  hoteever,  becaitse  their  composiiums 
are  aU  founded  upon  the  same  anhydride.  The  latter  has  not  itself 
been  made.  We  usually  speak  of  various  acids  and  salts  as  bdng 
dolTvd  &om  the  same  anhydride,  the  word  "derived"  being  used 
in  a  figurative  and  not  a  literal  sense. 

The  difference  between  two  acids  HIO*  and  H«IO«  is  not  at  all  the 
same  as  between  HIOj  and  HIO*.  The  latter  would  represent  diffei^ 
ent  stages  of  oxidation,  being  derived  from  I,Oi  and  IiOr,  respectively, 
and  accordingly  would  be  named  iodic  acid  and  periodic  acid.  The 
former  differ  only  by  2HiO,  and  an  addition  or  subtraction  of  the 
elements  of  water  in  equivaleni  quantUies  is  neither  oxidatiou  nor 
reductioiL    Hence  they  are  both  periodic  adds  (see  Phosphoric  add). 

Periodates  and  PerUnUc  Acid.  —  Soa^um  periodate  NalO*  is 
found  in  Chile  saltpeter.  When  sodium  iodate  NalOs  is  dissolved 
along  with  sodium  hydroxide  in  water,  and  chlorine  is  passed  into  the 
mixture,  the  sodium  hypochlorite  formed  from  the  latter  oxidizes  the 
iodate  NalOt  +  O  ^  NalOt.  But  the  somewhat  insoluble  salt  which 
ciystAlIiiies  out  is  NaaHiIOg: 

NaIO»  +  0  +  NaOH  +  H,0  ->  Na»HJOfr 

Other  salts  may  be  made  from  this  one. 

An  aqueous  solution  of  periodic  add  is  obtained  by  the  action  of 
sulphuric  add  on  barium  periodate,  followed  by  filtration.  A 
white,  very  soluble  sohd  H«IO«  remains  when  the  Uquid  is  evaporated. 
When  this  is  heated,  water  and  oxyg^i  are  both  given  off,  and  iodine 
pentoxide  IjOt  alone  remains. 

Chemical  Relations.  —  The  compounds  of  the  halc^ens  with 
metals  and  with  hydri^en  diminish  in  stability,  with  ascending  atomic 
weight  of  the  halogen,  in  the  order:  F  (19),  CI  (35.5),  Br  (80),  I  (127). 
Each  halogen  will  displace  those  following  it  from  this  kind  of  combi- 
nation. In  the  case  of  the  oxy^n  compounds,  the  order  of  stability 
is  just  the  reverse,  those  of  iodine,  for  example,  being  the  only  ones 
which  are  reasonably  stable. 

Amongst  the  oxygen  acids  of  any  one  halogen,  those  containing 
most  oxygen  are  most  stable.  The  salts  are  in  all  cases  more  stable 
by  far  than  the  corresponding  acids. 

The  halogens  when  combined  with  metals  or  hydn^n  are  univa- 

DolizodbyGoOgle 
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lent  (HI,  KCl,  etc.).  It  is  clear,  however,  that,  when  united  with 
oxygen,  their  valence  is  higher.  The  maximum  is  shown  in  perchloric 
anhydride  CljOi,  where  chlorine  is  septivalent. 

The  formulffi  of  the  acids  might  be  written  so  as  to  retain  the 
univalence: 

H  -  CI,    H  -  O  -  CI,    H  -  0  -  0  -  CI,    H  -  O  -  0  -  O  -  01, 
H-0-O-O-O-Cl. 

But  compounds  in  which  we  are  compelled  to  believe  that  two  oxygen 
units  are  united  afe  usually  unstable  (e.g.,  hydrt^en  peroxide,  H  —  O 
—  O  —  H),  and  we  should  expect  the  instability  would  be  greater 
with  three  and  with  four  units  of  oxygen  in  combination.  Here, 
however,  the  reverse  state  of  affairs  must  be  taken  account  of  in  our 
formuhe,  for  HCIO4  is  the  moat  stable  of  the  chlorine  set.  This 
reasoning,  together  with  the  septivalence  in  CUOr,  leads  us  to  assume 
the  valence  seven  in  perchloric  acid  (see  Periodic  system).  The 
structural  formulae  (cf.  p.  442)  of  some  of  these  substances  are  there- 
fore often  written  as  follows: 

0  0 

H  II 

H-Cl,        H-O-Cl,        H-0-  C1  =  0,        Na-0-I  =  0. 


The  Specification  of  Chemical  Properties.  —  The  chemical  prop- 
erties at  a  subetBJice  are  frequently  specified  bo  looaely  that  the  student  has  do 
definite  guide  before  him.  The  following  illuatratee  the  scheme  that  should  be 
kept  in  mind. 

1.  StibUlt?  (p.  14S),  puiicularly  if  a  compound,  but  applicaUe  tdao  to 
elemeots  like  iodine  (p.  276).     Mention  products  of  decompoeitioD. 

2.  Holscular  waiffht,  if  known. 

3.  Clui  to  which  Ul«  STlbttanCA  b«loiigB,  and  indication  <rf  degree  of 
activity  where  possible,  such  as  simple  substance,  weak  acid,  active  base,  salt, 
carbohydrate,  etc.  Terms  like  acid,  base,  and  salt  imply  certain  properties, 
which  need  not  be  given  in  detail. 

4.  SubstanoM  with  which  oombltutkm  oeoni*,  such  as  the  metals  (ex- 
oeptions  named),  the  ntHi-metals  (eitceptions  named),  water,  ammonia,  etc.  The 
class  to  which  the  resulting  compornide  belong  should  be  named. 

5.  Oxidizing  cr  rAducing  afsnt,  if  such,  with  illustrations  and  indication 
of  limitations. 

6.  OthMT  ipedflc  chemical  rsactions,  such  as  hydrolysiB,  if  a  salt;  action 
of  chlonne,  if  a  hydiocarixin;  etc. 

laeh  thamit^i  pn^erty  thould  ipMltj  dlrsctlT  (or  by  implication,  ej.. 
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by  ufflOK  the  WMd  base}  soma  deflnitw  TWietr  of  ehomioal  chattge,  or  kind 
of  .■haiTiiff.i  btbATlor,  and  should  n&me  the  mAteri&lfi  or  daeaee  ol  m&terulg 
inTolved. 

The  clwinlnal  reUtlou  are  not  properties  of  &  avb»tanee,  but  qiulitiea  oi  an 
dement  in  combination,  auch  as  atomic  weight,  valence,  non-metaUic  or  metallic 
dement  (oxide  acidic  or  basic,  halidee  hydrolyied  or  not).  They  have  be^ 
discuBsed  dsenbere  (pp.  226,  464). 

It  may  be  well  to  illustrate  inept  ways  of  ^ving  chemical  properties.  "Oxy- 
gen Bupporta  combustion  of  a  candle."  The  be^oer  does  not  know  that  a 
candle  is  composed  oS  a  cotton  wick  surrounded  by  a  mixture  of  hydrocaibons 
and  fatty  acids,  so  no  ohemical  reaction  can  be  extracted  by  him  from  this  state- 
ment. The  chemical'  property  is  the  tendency  of  compounds  of  carbon  and 
hydrogen  to  interact  vigorously  with  oxygen,  giving  water  and  carbon  dioxide. 
The  burning  of  a  candle  for  light  is  an  applicaiion  of  this  property,  but  U  nol  Ike 
property  iUdS-  Applications  should  be  ^ven,  of  courae,  but  they  ahould  follow 
the  property,  not  displace  it.  Similarly,  "bleaching  ability"  is  often  given  as  a 
chemical  property.  But  sodium  hyposulphite  and  other  substances  bleach  in- 
digo by  reducing  it  to  indigo  white,  and  hypocblorous  acid  and  oxHie  bleach 
indigo  by  oxidising  it  to  isotin,  sodium  hydroxide  bleaches  blue  prints  because  it 
is  an  active  base  and  intersj^  with  the  ferrous  ferricyonide,  and  water  and  other 
solvents  eometimee  bleach  by  dissolving  the  dye.  Bleaching  may,  therefore,  be 
due  to  entirely  diS^^nt  ohemical  or  physical  properties  in  different  cases.  It  is 
an  ap^ieation  of  some  specifio  chemical  property,  and  should  be  given  as  an 
illustration  of  the  use  of  the  property.  Simil&rly,  "disinfecting  power"  in  the 
case  of  hypocblorous  acid  or  hydn^en  peroxide  is  due  to  oxidation  oi  the  unstable 
Bubfltonces  in  the  pathogenic  organisms,  but  sulphurous  acid  adds  itsdf  to  the 
aldehydes  which  their  protoj^asm  otHitains,  alcohol  (used,  e.g.,  to  sterilise  the 
akin  before  vactanation)  takes  the  place  of  the  moisture  in  the  organisms,  killing 
them  by  physical  means,  and  formaldehyde  is  a  redudng  agent,  and  ia  also  able 
to  add  itself  to,  or  to  ^ve  condensations  with,  many  organic  compounds.  Dis- 
infecting power  is  thus  an  applUation  of  one  of  the  forgoing,  or  of  some  other 
property,  which  should  first  be  specified.  When  a  substance  is  ptHSonous,  this 
should  be  emphasized,  but  not  given  as  a  chemical  property.  Even  when  the 
chemical  changes,  which  the  poiaona  bring  about  in  the  body,  are  known,  they 
can  addom  be  eqilained  in  inorganic  or  elementary  general  chemistry. 

Again  the  phrase  "supports  combustion"  ia  of  uncert^n  meaning.  In  ord^ 
nary  language  it  refers  to  fuels  tike  wood  and  coal.  To  say  that  "chlorine  supports 
oombustion,"  is  ther^ore,  not  specific  enough.  Cool  and  wood  will  not  bum  in 
it.  Iron,  copper,  and  antimony  will,  but  if  these  subetanoee  are  not  named,  the 
statement  leaves  the  reader  to  supply  the  very  information  which  he  lacks,  and 
which  the  book  should  have  furnished.  Still  again,  the  statement  that  chlorine 
combines  with  copper  and  sodium  omits  to  make  it  clesr  that  chlorine  oombinee 
easily  with  all  the  familiar  metals,  excepting  platinum  and  gold.  If  eodt  individ- 
ual element  with  which  chlorine  combines  is  to  constitute  a  separate  chonical 
property,  then,  with  only  two  elements  named,  the  list  of  this  class  of  properties 
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ia  very  inoomplete,  aince  it  includes  only  two  out  (tf  about  mxty-&ve.  Naming 
the  ctota  of  elements,  with  illustrations  and  exceptions,  ootwb  the  ptnnt,  and  puts 
lees  strain  upon  the  memory. 

N^ative  Btatementa  convey  little  information.  "Nitrogen  will  not  support 
combustion."  This  means,  either  that  coal  and  tapers  will  not  born  in  it,  in 
which  cose  it  should  be  explained  that  carbon  and  hydrogen  do  not  readily  unite 
with  nitrogen,  or  dse  that  nitn^en  is  not  oxygeni  Chemical  properties  should  be 
stated  poutivdy,  not  reached  indirectly,  by  excluding  one  by  one  all  the  things 
the  substance  cannot  do.  Nitrogen  does  not  bleach,  does  not  bum,  snd  can 
neither  climb  a  tree  nra  eat  grass  —  but  a  himdred  negative  items  will  still  leave 
us  ignorant  of  what  it  can  do,  Whoi  two  demente  are  very  similar,  yet  one  has 
a  property  which  the  other  lacks,  it  is  instructive,  and  therefore  desirable,  to 
mention  the  absence  of  the  pnqierty,  but  such  coses  are  rare.  To  parade  as  a 
property  of  phosphorus  pentoxide  that  it  is  not  combustible,  is  like  saying'  that  a 
bankrupt  cannot  pay  his  debts  —  it  is  redundant.  Even  more  absurd  is  the 
stat«ment,  when  given  as  a  property,  that  chlorine  is  formed  by  oxidation  of 
hydrochloric  acid.  This  is  a  property  of  the  acid  and  oxidising  agent.  Chlorine 
has  no  properties  as  a  substanoe  until  after  it  has  been  formed. 

Oxidation  and  REuncnoN 

Oxidation  by  Oxygen.  —  The  simplest  oxidations  are  the  cases 
where  a  metal  or  non-metal  unites  wUh  oxygen: 

2Cu  +  0,  -» 2CuO,        S  +  O,  -»  SO,. 
Umoa  of  a  compound  with  add^onai  oxygen  is  oxidation  also. 
2S0j  +  Oj  -» 2S0„        3KC10  -*  2KC1  +  KCIO,. 

The  removal  of  hydrogen  from  hydrogen  chloride  (preparation  of 
chlorine,  p.  217),  is  also  defined  as  oxidation. 
0,  +  4HC1  *5  2H,0  +  2CU. 
2KMn04  +  16HCI  ->  SH^O  +  2KCI  +  2MnCl,  +  5C1^ 

Every  03Miaiion  is  accompanied  by  reduction  of  the  oxidising  ageni. 
Thus,  in  the  second  last  equation,  the  free  oxygen  ia  reduced  to 
water.  Again,  in  the  third  last  equation,  2KC10  is  reduced  to 
2KC1,  while  IKCIO  becomes  KCIO,  by  oxidation. 

In  the  laboratory,  we  frequently  discover  that  an  oxidation  has 
occurred  by  noticing  the  presence  of  a  product  of  reduction. 
Thus,  when  we  heat  carbon  with  sulphuric  acid:  2HiSO«  +  C— * 
COj  +  2HjO  -f-  2S0i,  we  do  not  notice  the  product  of  oxidation,- 
COj,  because  it  is  odorless  and  colorless,  but  we  perceive  at  once 
the  odor  of  the  sulphur  dioxide,  and  reaUze  that  the  sulphuric  acid 
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must  have  oxidized  eome  substance,  for  this  gas  could  not  have 
been  formed  (at  the  temperature  employed)  except  by  reduction. 

Note  that  the  removal  of  the  elements  of  water  is  neither  oxida- 
tion nor  reduction,  for  equivalent  amounts  of  both  asygen  and 
hydrogen  are  removed : 

2HC10  -*  H»0  +  CUO,        H/30,  -♦  H,0  +  COi. 

In  (^  the  cases  dwcuased  above,  <mdation  consists  in  adding  (Kiy- 
geii  or  removing  hydrogen. 

Oxidation  by  Other  Negative  Elements.  —  Oxygen  is  only 
one  of  the  class  of  elements  called  non-metallic  or  n^ative  ele- 
ments, BO  we  cannot  lopcally  reatriei  the  term  "oxidation"  to 
actions  involving  oxygen.  Thus,  forming  a  chloride,  or  increasing 
the  proportion  of  chlorine  in  a  compound  is  oxidation: 

Cu  +  Cls -*  CuCl,,        2FeCl, -|-a,-*2FeCI.. 

In  every  compound,  one  of  the  elements  is  relatively  positive  and 
the  other  relatively  negative.  Thus,  copper  is  positive  and 
chlorine  negative.  In  carbon  dioxide  COj,  carbon  is  (relatively) 
po^tive  and  oxygen  negative,  and  in  calcium  carbide  CaCi  cal- 
cium is  positive  and  carbon  (relatively)  negative. 

Thus,  oxldatioii  is  introdudng,  or  Incrsulng  tb«  proportion  of  the 
lUKatlve  elsment,  or  rsmoTing,  or  reducing  tho  proportion  of  Uia 
potitive  elomont.     Reduction  is  the  converse. 

OxidatUm  and  Valence.  —  Combining  a  metal  with  oxygen 
or  sulphur  r^ses  the  adive  valence  of  the  metal  from  zero  to  some 
finite  value:  2Cu*  +  Os* -»^ 2Cu''0".  Metallic  copper  haa  no 
valence  in  use.  In  CuO  or  CuCU  it  has  g^ned  the  valence  II. 
The  copper  has  been  oxidized.  Similarly,  changing  FeCl»  into 
FeCl^  increases  the  active  valence  of  the  iron  from  II  to  III  (cndda- 
tion).  Conversely,  changing  2HC1  to  Clj  decreases  the  active 
valence  of  chlorine  from  I  to  zero  (oxidation).  In  the  same  equa- 
tion (p.  21$),  KMn  in  KMnO^  must  have  a  total  valence  of  VIII, 
but  in  the  products  KCl  +  MnCb  the  total  valence  has  decreased 
to  III  (reduction). 

Again,  in  displacement,  e.g.,  Zn  +  2HC1  — » ZnCli  +  Ht,  the 
zinc  is  oxidized  because  the  active  valence  goes  from' zero  to  II, 
and  the  hydrogen  is  reduced. 

Hence,  ozidatioii  consists  in  Inoreailng  the  actdvo  vaUmw  of  a 
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poiitiTe  denunt  or  deermdnc  that  of  a  nssatiTo  almiait.    Reduc- 
tion is  the  converse. 

This  way  of  stating  the  rule  makes  it  clear  why  removing  the 
etementfi  of  water  is  ndther  coddation  nor  reduction.  We  Bxe  re- 
moving both  a,  positive  and  a  negative  element,  and  are  removing 
them  in  eqiei-valent  amounts,  2H.'  +  O". 

Oxidation  and  Ioni»ation.  —~  If,  in  the  last  illustration,  we 
write  the  equation  ionically:  Zn  4- 2^+ — ♦  Zn++ +  Hj,  we  dis- 
cover that,  logically,  we  must  conuder  the  change  from  metallic 
zinc  to  zinc-ion  to  be  in  itself  oxidatioii.  This  is  the  case  whether 
the  zinc-ion  later  combines  with  a  negative  ion  to  form  a  molecule 
Or  not.  Mere  union  or  disunion  of  ions  is  neither  oxidation  nor 
reduction.  Conversely,  the  discharge  of  the  2H+  ^ving  H»  is  re- 
duction. 

Thus,  tonlutlon  of  an  alammtkiy  lubitance  to  tram  a  podtlvs 
im  1b  oxidation,  and  lonlsfttioti  to  ftmn  a  nogativo  ion  .!■  reduction, 
and  conversely. 

Ojodatimi  tmd  Electrons.  —  Increamng  the  valence  of  an 
atom  of  a.  po^tive  element  (oxidation)  consists  in  removing  one  or 
more  electrons:  Na*  —  *  =  Na+"  (p.  354).  Increasing  the  valence 
of  an  atom  of  a  negative  element  (reduction)  means  adding  one  or 
more  electrons:  Cl^  +  e— ♦CI". 

Hence,  oxidation  is  renurrlag  elttcteona  and  toduotiim  is  addtnc 


Making  Equationa  for  OxidationB  €atd  Reductions.  —  The 

writii^  of  equations  for  actions  involving  oxidation  and  reduction, 
vhere  the/re  are  mare  than  two  substamxs  on  one  side  of  the  equation, 
is  difficult,  ^d  a  system  or  plan  is  of  great  value.  The  plan  of 
partial  equatlona  (p.  270)  is  often  helpful.  There  are  three  other 
systems  which  are  in  use.  (1)  When  the  action  involves  oxygen 
adds  and  their  salts,  the  formulse  can  be  rewritten  so  as  to  sbow  the 
anliTdride  (see  below).  (2)  The  second,  called  the  system  of  potttive 
and  nsgativo  ralanoM,  is  more  generally  applicable  (next  section). 
(3)  The  third  describes  oxidation  in  terms  of  Ions  and  poritiva  atoo- 
trioal  chargss  (p.  496). 

Making  Equatitms:    Using  Positive  and  Negative  Valences 

(p.  425). —  1.  Each  compound  is  composed  of  dements  which  are, 

_     Coosic 
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rdatively  to  aae  another,  eiiher  poaiiive  or  negaiwe.  Thus,  in  KMnO*, 
K  and  Mn  are  positive  and  0  is  negative.  In  CSi,  C  is  (relatively) 
positive  and  S  negative.  We  say,  th^i,  that  C  has  a  podtive 
valence  of  four  (+4)  and  S  has  a  n^ative  valence  of  two  (—2), 
juHt  as  it  has  in  HiS. 

2.  In  every  compound,  the  idg^aic  sum  of  the  positive  and  negative 
valences  must  be  lero.  Thus,  in  CSt  the  sum  is  +4  —  2X2  =  0 
(C++Si^).  This  is  simply  the  rule  of  equi-valenoe  (p.  136),  with  the 
addition  of  the  idea  of  relative  poativeness  and  negativenesa. 

This  enables  us  to  d«t«Tiniiw  the  valance  of  each  cdemant  tn  a 
eompound  like  KHnOf.  K"**  is  always  imivalent  and  positive.  O^, 
in  inorganic  compounds,  is  always  bivalent  and  n^ative.  The 
valence  of  Mn  has  different  values:  Mn"CU|  Mnj'"0»,  Me"Oi, 
Mns^"Oi,  etc.  By  the  rule  (sum  of  valences  equals  stero)  we  can 
tell  the  valence  of  Mn  in  this  compound.  The  valence  of  O4  (40=) 
is  -8.  That  of  K  is  +1.  That  of  Mn  muat  therefore  be  +7 
(KMn*'"Oi}.*  Again,  in  HCIO,,  the  valence  of  O,  is  -6,  ih&tcA 
H  is  +1,  therefore  that  of  CI  must  be  +5,  Still  again,  in  KtCriOi, 
the  valence  of  O7  is  —14,  that  of  Ki  is  +2,  that  of  Qr%  is  therefore 
+  12,  and  that  of  Cr  necessarily  +6  (K,Cr,+''07). 

3.  Since  rule  2  applies  to  every  compound  used  or  produced  in 
a  chemical  change,  it  follows  that  when  in  a  reaction  the  valence  of 
an  element  changes  in  value,  tk(U  of  one  or  more  of  the  other  dements 
must  also  change,  so  as  to  maintain  the  equality  of  +  and  —  valences. 
Thus,  if  one  element  loses  in  valence,  to  the  extent  of  +6,  Bome 
other  element  (or  elements)  must  lose  —6,  or  gain  +6.  The  gain 
(or  loss)  of  one  element  must  cancel  the  gain  (or  loss)  of  some  other 
element. 

4.  The  valence  of  a  free  element,  that  is,  its  active  valence,  is 
zero.  A  free  element  is  also  neviral  —  neither  positive  nor  nega- 
tive —  because  it  is  not  combined  with  any  other  element. 

Illustration  of  rules  3  and  4.  Thus,  in  the  action  for  [weparing 
chlorine  with  manganese  dioxide  (p.  219) : 

MnO,  +  4HCI  -t  MnCIj  +  2H»0  +  CI,, 

4H  (4H+)  has  the  valence  +4  on  both  sides.  On  the  left  ade, 
4C1  (4C1~)  has  the  valence  —4:  on  the  right  2CI  has  the  valence 
—2,  and  CIi  has  the  valence  0.     So  far  as  chlorine  is  concerned, 

*  The  reader  should  write  this,  and  other  formulie  discuased  below,  so  se  to 
show  the  valenoM  thus:  K^MdX++*'Oc  If^-  p-  426). 
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there  is  a  change  from  —4  to  —2,  or  a  difference  of  —2.  Again, 
on  the  right,  Mn  has  the  valence  +2,  while  on  the  left  side  it  has 
the  valence  +4,  a  differ^ice  of  +2.  The  two  differences,  —2 
and  +2,  cancel  one  another.  Stated  otherwise,  nmngaiiese  lost 
+2  and  chlorine  lost  —2,  so  that  the  other  +  and  —  valences  bHU 
in  use  retrained  equal  in  number,  and  equi-valence  was  preserved. 

Balancing  an  Egwition.  Suppose  we  wish  to  balance  the  equa- 
tion for  the  decompodtion  of  chloric  acid  HClOi.  We  ascertdn, 
in  the  laboratory,  that  the  products  are  perchloric  acid  HCIO4, 
chlorine  dioxide  ClOi,  and  water. 

SkeleUm:  HCIO,  -♦  BCiOt  +  C10»  +  H^. ' 

Since  H'*'  and  CP  do  not  change  in  valence,  only  CI  has  heea  affected. 
On  the  left  side,  the  valences  are  0»  =  —6,  H  =  ^f  1,  CI  there- 
fore =  -j-5.*  On  the  right  ade,  in  HC10«,  the  total  valence  of 
oxygen  is  —8  and  of  hydrogen  +1.  That  of  01  is  therefore  -|-7. 
In  CiOi,  the  valence  of  Oj  is  —4,  and  that  of  01  therefore  -i-4.  Thus, 
01  changes,  from  +5,  partly  to  +7  and  partly  to  -|-4.  To  achieve 
this,  arithmetically,  we  require  301  on  the  left  (=  3  X  +5  =  -|-I5), 
giving  01  =  +7  and  2a  =  2  X  +4  =  +8,  or  a  total  of  -|-16  on 
the  right.     Thus,  we  require  SHClOa; 

Balanced:  3H0I0»  =  HCIO*  +  2CI0»  -|-  H»0. 

Baiandn^  Another  EguaHan.  In  the  reaction  for  preparing 
cbloriije  (p.  218),  the  skeleton  is: 

SkeUlon:    KMnO,  +  HOI  ->■  H,0  +  KCl  +  MnCl,  +  01. 

Here,  in  KMnOi,  the  valence  of  Mn  is  -f-7.  In  MnCti  it  is  +2, 
a  loss  of  +5.  The  chlorine  also  changes  its  valence  from  —1  to  0, 
a  loss  of  —1.  Evidently,  so  that  the  changes  may  cancel  out,  for 
every  Mn  I(»ii^  +5,  5C1  must  lose  5  X  —1  andbehberated: 

IncompUie:    KMnO*  +  HOI  ~*  H2O  +  KCl  +  MnCI,  -|-  5C!. 

Since  there  is  now,  ^together,  8C1  on  the  right,  8HC1  will  be  re- 
quired on  the  left.     The  8H  will  give  4H|0: 

Balanced:       KMnO*  +  8H01  ->  4H,0  -I-  KQ  -(-  MnCU  +  501. 
MoUcuUtr:  2KMn04  +  16Ha  -» SHjO  -|-  2KC1  +  2MnCl,  +  501^ 

For  another  method  of  balancing  this  equation,  see  p.  496. 

•  Write  tbeae  (and  other  formula))  tbua:  H*C4i"*"0.=  {ef.  p.  42S). 
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Making  Equations,  by  Using  the  Anhydrides.  —  To  bfJaoce 
the  equation  for  the  decompositioa  of  chloiic  acid,  we  first  write 
the  skeleton  equation: 

Skeleton:  HCIO,  -*  HCIO4  +  ClOj  +  HjO. 

Then  we  divide  the  acids  into  water  and  the  anhydrides  (p.  484). 
Analyzed:       HiO,CliO,  -*  H,0,C1»0t  +  CIO,  +  H,0. 
We  now  perceive  that,  disregarding  the  water,  some  CljO*  must 
lose  oxygen  to  give  2C10i  +  0,  and  that  some  CliO»  must  gain  20, 
becoming  CI1O7.     To  furnish   the  20,   clearly  2CliO(  is  required, 
giving  4C10,  +  20,  and  a  third  CliOs  gains  this  20.     Thus,  alto- 
gether SCIjOb  will  be  required: 
Balanced:      3H,0,C1,0»  -♦  H,0,CU07  +  4ao,  +  2^0 
or  6HC10,  -.  2HCIO4  +  4C10,  +  2H,0. 

This  equation  ia  then  divided  by  two  throughout. 

Making  Equationa  by  Oxidation  0/  Ions,  Using  Positive 
Electrical  Charges.  —  All  oxidation  reactions  involving  ionogens 
can  be  written  in  terms  of  ions.  Thus,  the  oxidation  of  hydro- 
chloric acid  by  potassium  permanganate  can  be  so  written.  The 
potassium-ion  clearly  is  not  afFected,  and  may  be  omitted.  The 
ions  concerned  are: 

MnOr  +  H+  +  CI-  -» HtO  +  Mn++  +  CP. 
CP  with  no  charge  stands  for  free  chlorine.  Now  we  can  divide 
the  action  into  (1)  the  behavior  of  the  oxidizing  agent,  which  is 
general,  and  will  be  used  wherever  the  same  oxidi2dng  agent  is  used; 
(2)  the  fate  of  the  sul>stance  being  oxidized,  which  again  is  general, 
because  other  oxidizing  agents  will  change  it  in  the  same  way^ 

MnOr  +  8H+  -*  4H,0  -|-  Mn++  +  50.  (1) 

In  words,  each  permanganate  ion,  with  a  free  acid  present  (oxi- 
dizing mixture),  will  give  water,  manganous-ion,  and  a  balance  of 
five  unit  positive  charges. 

5® -|-5C1--*5CR  (2) 

10©  +  50,=  -*  5H,0  +  50,".  (2") 

10©  +  5S0,=  -I-  5H,0  ->  580.=  +  10H+.  (2") 

These  three  equations  represent  the  oxidation  of  (2)  hydrochloric 

acid,  or  (2*)   hydrogen  peroxide,  ^ving  free  oxygen,  or  (2")  sul- 
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pburouB  acid,  with  water  fumishing  the  oxygen,  and  leaving  the 
solution  strongly  acid  (=  SHsSOt).    Note  tluit  the  sums  of  the  + 
and  —  charges  on  opposite  ddee  <^  each  equation  are  equal. 
To  obtfun  the  final  ionic  equation,  add  (1)  and  (2) : 

MnOr  +  8H+  -» 4HjO  +  Mn-H-  +  5®.  (1) 

5®  +  5Cr  -*  SCR (2) 

MnOr  +  8H+  +  5C1-  -*  4H,0  +  Mn++  +  5CK 

Before  adding  (1)  and  (2*)  and  (1)  and  (2"),  the  first  equation  (1) 
must  be  doubled  throu^out,  so  that  the  10®  may  cancel  out. 

Exerchea.  —  1,  As^gn  to  ibB  proper  class  (pp.  228,  402)  each  of 
the  actions  mentioned  in  this  chapter. 

2.  Knowii^  that  sodium  acid  tartrate  NaHCtH^Og  is  insoluble 
in  50  per  cent  alcohol,  how  should  you  make  chloric  acid  (p.  482)7 

3.  Make  the  equation  for  the  interaction  of  chlorine  with  calcium 
hydroxide  in  hot  water  (p.  480).  How  should  you  make  zinc  chlorate 
from  zinc  hydroxide  Zn(OH)j? 

4.  How  should  you  make  pure  potassium  hypochloriie  from 
hypochloroua  acid  (p.  474)? 

5.  Explain,  in  terms  of  ionic  equilibrium,  why  dilute  hypo- 
chlorous  acid  can  be  obtained  by  adding  one-half  of  an  equivalent 
of  an  active  acid  (p.  475)  to  bleaching  powder,  and  distilling  the 
mixture. 

6.  On  what  circumstances  would  the  pos^bility  of  making 
barium  chlorate  by  action  of  chlorine  on  barium  hydroxide  depend 
(p.  481)?  Could  pure  barium  chlorate  be  obtMned  eaoly  by  this, 
means  (see  Table  of  Solubilities)? 

7.  Make  the  equations  for:  (a)  the  preparation  of  potassimn 
bromate;  (6)  pure  aqueous  bromic  add;  (c)  the  interaction  of 
iodine  with  aqueous  potasdum  hydroxide  in  the  cold,  and  (d)  when 
heated. 

8.  Make  the  equations  for  the  interactions  of  chlorine  dioxide 
with  water,  and  with  aqueous  potassium  hydroxide. 

9.  Find  the  fonnule  of  the  anhydrides  of  the  following  acids: 

HPO,,  HiSeO*,  H^O,,  B^AsOi,  H^O.. 

10.  Pind  the  formulfe  of  the  anhydrides  of  the  acids  from  the 
following  formulse  of  salts: 

Na,SiO„  NaJIPOfc  NaH,PO,,  Na,Ha(X 
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11.  Clasfflfy  the  following  changes  as  oxidations  or  reduotionB. 
(o)  H,Cr,07-»H,CiO4  +  CTO,;  (b)  HMnO* -> MnO,;  (c)  P-*I-; 
(d)  2HsO,  -» 2H,0  +  O,. 

12.  Using  positive  and  negalive  valences,  determine  whether 
each  of  the  foUowing  formuke  is  correct  or  incorrect:  CaOMnO^t, 
Al(ClO0i,  Na^HIO^ 

13.  Apply  each  of  the  three  methods  (pp.  463,  496)  of  writing 
equations  to  the  four  following  reactions:  (a)  chlorine-water  on 
bromine;  (fc)  chlorine-water  on  hydn^en  sulphide,  gjving  free 
sulphur;  (c)  potassium  permanganate  and  free  acid  on  hydn^ea 
sulphide,  giving  free  sulphur;  {d)  potassium  dichromate  and  free 
acid  (p.  418)  on  hydrogen  sulphide,  giving  the  chromic  salt  <tf  the 
acid  (Cr'")  and  free  sulphur. 

14.  Explain  why  chlorine  is  much  less  soluble  in  a  solution  of 
sodium  chloride  tha.n  in  water. 

15.  Why  does  light  hberate  oxygen  from  chlorine-water,  but  not 
from  chlorine  hydrate? 

16.  Why  does  a  gjven  weight  of  chlorine  in  the  form  of  hypo- 
ohlorous  acid  have  twice  as  great  a  bleaching  (or  oxidizing)  capacity 
as  has  the  same  weight  of  chlorine  in  chlorine-water? 

17.  What  would  be  the  result  of  leading  chlorine  monoxide  gas 
into  concentrated  hydrochloric  acid? 

IS.  When  bromic  acid  acts  upon  iodine  (p.  486),  why  is  HBr, 
and  not  Brt,  formed? 
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TBI  ATHOBPHBHE.    THE  HBUUH  FAIDLT 

Wb  have  seen  that,  to  counterbalance  the  pressure  of  the  air  over 
a  certain  area,  a  column  6f  mercury  of  the  same  diameter  averaging 
760  mm.  in  height  is  required.  Let  the  section  of  the  colunm  be 
1  sq.  cm.  Then  the  pressure  of  a  column  of  air  1  sq.  cm.  in  section, 
and  extending  so  far  from  the  earth  as  any  downward  tendency  of  the 
£dr  exists,  is  equal  to  the  weight  of  a  column  of  mercury  containing 
76  c.c.  of  the  metal.  The  weight  of  1  c.c.  of  mercury  being  13.6  g., 
this  volume  of  the  metal  weighs  1033.6  g.  This  number  represents 
therefore  the  pressure  which  is  exerted  by  the  air  upon  each  square 
centimeter  of  the  earth's  surface.  In  ordinary  units  of  measure,  this 
ia  nearly  fifteen  pounds  to  the  square  inch. 

A  more  vivid  appreciation  of  the  reality  of  this  pressure  may  be  obtained  by 
Doticing  one  of  its  effects.  By  boiling  a  small  quantity  of  water  in  a  tin  can 
fumislied  with  a  narrow  opening,  we  remove  the  whole  of  the  air  fiom  its  interior, 
displacing  it  by  steam.  While  the  boiling  is  in  progress,  we  suddenly  close  the 
opening  with  a  tightly  fittii^  cork  and  remove  the  burner.  While  the  steam  was 
hUU  issuing  from  the  opening,  its  pressure  was  practically  that  of  the  atmosphere, 
and  the  can  was  subject  to  the  same  pressure  innde  and  out.  With  the  removal 
of  the  flame,  however,  the  steam  conduises,  and  the  pressure  on  the  interior  is 
reduced  to  a  minute  fraction  of  its  original  value,  while  the  pressure  on  the  ex- 
terior is  still  the  same  (1  atmosphere).  Under  this  pressure  a  vessel  of  ordinary 
tin-plate  completely  colkpses  [Led.  exp.]. 

Components  cif  the  Atmosphere.  —  There  are  three  classes 
of  eoiiq>on«nt>  in  the  air.  Those  of  the  flnt  class,  oxygen,  nitrogen, 
and  the  inert  gases  of  the  helium  family,  are  present  in  almost  con- 
itant  pnqMctionB.  Those  of  the  Mcond  class  are  very  wiabl*  In 
Quantitr,  and  include  carbon  dioxide,  water  vapor,  and  dust.  Those 
of  the  third  class,  such  as  the  sulphur  dioxide  in  city  ur,  are  acddcnteL 

Components  ichich  are  Constant  in  Amount.  —  The  deter- 
mination of  the  aijgm  by  burning  phosphorus  in  ur,  and  measuring 
the  residual  gas,  is  not  capable  of  application  in  an  exact  manner.    A 
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stick  of  phosphorus,  enclosed  id  wire  gauze  (Fig.  115),  removes  the 
oxygen  rather  slowly  (Lect.  exp.].  It  is  better  to  use  a  large  amount 
of  phosphorus  in  the  form  of  thin  wire.  In  this  way  a  great  surface  is 
obtained,  and  the  absorption  of  oxygen  from  a  sample  of  air  may  be 
carried  out  in  a  few  seconds.  This  method  gives  fairly 
accurate  results,  since  there  is  no  time  for  any  appreciable 
change  in  the  temperature  or  pressure  of  the  atmosphere 
during  the  experiment.  Several  oxygen  acids  of  phos- 
phorus are  formed.  The  passage  of  purified  air  over 
heated  copper  has  also  been  used  for  the  same  purpose. 
When  this  method  is  employed,  the  volume  of  the  nitro- 
gen and  ar^on  which  survives  the  action  of  the  copper  is 
measured,  while  the  increase  in  weight  of  the  copper, 
through  formation  of  cupric  oxide,  gives  the  weight  of 
the  oxygen  which  was  originally  mixed  with  it. 

StiU  another  method,  which  is  in  constant  employ- 
ment in  the  analysis  of  mixtures  of  gases,  may  also  be 
applied  to  the  air.  It  consists  in  bringing  a  measured 
volume  of  air  in  contact  with  an  alkaline  solution  of 
potassium  pyrogallate,  which  quickly  absorbs  the  oxygen, 
and  noting  the  decrease  in  volume. 

In  the  air  taken  from  mines,  from  mountain  tops,  from  the  surface 
of  the  sea,  and  from  inland  regions,  the  proportion  of  oxy^^en  to  the 
residual  gas  is  found  to  be  fairly  constant,  although  eaaty  perceptible 
differences  are  noted.  The  percentage  of  oxygen  in  dried  Eur  ranges 
between  20.26  and  21.00,  the  latter  being  the  proportion  in  normal 
air. 

When  the  re^dual  gas  is  led  slowly  through  a  heat«d  tube  con- 
taining mc^nesium,  the  nitrogsn  unites  with  the  metal  to  form  the 
solid  nitride  MgaNi,  and  only  about  10  c.c.  out  of  every  liter  remains 
uncombined.  This  residuum  is  argon,  mixed  with  0.15  per  cent  of 
its  volume  of  other  gases  belonging  to  the  helium  family  (see  below). 
Exact  measurement  by  volume  gives  78.06  per  cent  of  nitrogen  and 
0.94  per  cent  of  argon  in  dried  mr. 

Gaseous  Components  tthich  are  VaritAle  in  Amount. — 

Pure  country  air  contains  about  3  parts  in  10,000  of  carbon  dioxid*. 
In  city  air  there  are  from  6  to  7  parts  in  the  same  volume,  while  in  the 
air  of  audience-rooms,  where  the  ventilation  is  defective,  the  propor- 
tion may  rise  as  high  as  50  parts. 

The  simplest  way  of  showing  the  presence  of  carbon  dioxide  in  the 
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ur  ia  l^  Kcposit^  a  solution  of  baiium  hydroxide,  ao  active  base,  in  a 
shallow  vessel.  After  a  short  time  a  layer  of  barium  carbonate  forms 
upon  the  surface:  Ba{OH),  +  CO,-*BaCOi  I  +  H,0.  The  aame 
action  may  be  utilised  for  the  purpose  of  quantitative  analysis.  A 
measured  volume  of  air  is  bubbled  slowly  through  a  measured  volume 
of  a  solution  of  barium  hydroxide  of  known  concentmtion,  and  the 
quantity  of  barium  hydroxide  remmning  is  determined  by  titration 
(p,  390). 

The  BourcM  of  the  carbon  dioxide  in  the  air  are  numerpus.  It 
comes  from  the  decay  of  vegetable  and  animal  matter,  in  which, 
chiefly  through  the  influence  of  minute  vegetable  organisms,  the 
carbon  is  oxidized  to  carbon  dioxide.  It  is  formed  also  by  the  com- 
bustion of  coal  and  wood,  but  the  thirteen  hundred  million  tons 
of  coal  burned  atmuEilly,  ^ving  three  times  that  weight  of  carbon 
dioxide,  would  add  only  one^x  hundredth  to  the  total  present  in 
the  air.  It  is  exhaled  by  animals,  being  produced  in  the  body  by 
oxidation  of  the  carbon  in  the  food  which  they  eat.  It  also  issues 
fn>ni  the  earth,  in  volcanic  as  well  as  in  other  neighborhoods.  The 
proportion  of  this  gas  in  the  air  would  naturally  increase  continuously, 
though  slowly,  as  the  result  of  these  processes,  were  it  not  that  it  is 
removed  just  as  continuously  by  the  action  of  growing  plants  (see 
g.  579),  which  use  it  as  food.  It  may  be  added,  also,  that  carbon 
dioxide,  being  a  soluble  gas,  is  contained  in  sea  water,  dissolved  and 
as  Ca(HCOi)i,  and  the  total  amount  in  the  ocean  is  much  greater  than 
that  in  the  air.  The  removal  by  plants  and  by  solution  in  sea  water 
thus  keeps  the  proportion  in  the  air  fairly  constant. 

The  presence  of  carbon  dioxide  in  the  breath  may  be  shown 
very  quickly  by  blowing  through  a  tube  into  calcium  hydroxide 
solution  (limewater).  Calcium  carbonate  CaCOg  is  precipitated. 
We  draw  about  500  c.c.  of  air  into  our  lungs  at  each  breath,  or  half 
a  cubic  meter  per  hour.  In  the  lungs,  some  oxygen  is  removed,  the 
percentage  by  volume  falling  from  21  to  16,  and  we  add  some  carbon 
dioxide,  the  proportion  increasing  from  0.03  in  country  air  to  about 
4  per  cent.  A  candle  flame  is  extinguished  in  exhal«i  air,  because 
the  miunten&ace  of  such  a  flame  requires  at  least  18.5  per  cent  of 
oxygen.  But  air  will  sustain  life  until  the  proportion  has  fallen  to 
about  10  per  cent. 

The  proportion  of  wotor  vapor  is  constantly  changit^.  When 
the  air  becomes  cool,  aa  it  does  most  often  in  the  upper  layers,  the 
vapor  condenses  to  droplets,  forming  fogs  and  clouds.  When  the 
condensation  ctoitinues,  the  drops  become  lai^er  and  fall  as  rain.    On 
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the  other  hand,  when  the  weather  is  warm,  water  from  the  seal,  and 
from  rivers,  lakes,  and  oceans,  passes  into  vapor  and  the  amount  in 
the  air  increases. 

The  unmonlum  nitrate  rises  from-  the  interaction  of  nitric  acid 
and  ammonia.  The  latter  is  formed  by  the  decay  of  animal^matter 
(p.  517);  the  former  by  the  union  of  nitrogen  and  oxygen  during 
thunder-storms.  The  electrical  discharges  produce  nitrogen  tetroxide 
(see  p.  533),  which  with  water  ^es  nitric  acid  iq.v.). 

Humidity.  —  The  moisture  io  the  air  is  usually  defined  in  tenus 
of  the  relative  humidity,  the  standard  being  the  qdaotity  required 
to  saturate  the  air.  The  open  air  is  seldom  actually  saturated,  but, 
when  a  portion  is  confined  in  a  vessel  over  water,  it  soon  becomes 
so.  The  humidity  is  then  100  per  cent.  If  the  partial  pressure  of 
water  vapor  present  is  only  half  as  great  as  the  vapor  pressure  of 
water  at  the  same  temperature,  the  humidity  is  50  per  cent  The 
average  humidity  of  the  atmosf^ere  is  roughly  about  66  per  cent. 

At  18°  (64,4°  F.),  the  vapor  pressure  of  water  is  15.4  mm.  Thus 
air  saturated  with  moisture  at  18°  (100  p^  cent  humidity)  would 
contain  15.4/760,  or  about  2  per  cent  by  volume  of  water  vapor. 
If  this  air  were  cooled  to  0°  (32°  F.),  a  temperature  at  which  the 
vapor  pressure  of  water  is  only  4.6  mm.,  the  air  could  retain  only 
4.6/760,  or  0.6  per  cent,  of  moisture.  The  difference,  amounting 
to  10.4  g.  (10.4  C.C.)  of  water  per  cubic  meter,  would  condense  as 
fog  or  r^n. 

The  proportion  of  water  in  a  given  volume  of  air  may  be  meas- 
ured most  accurately  by  permitting  the  air  to  stream  slowly  through 
tubes  filled  with  calcium  chloride  or  phosphoric  anhydride.  The 
increase  in  weight  of  the  charged  tubes  represents  the  quantity 
of  moisture  abstracted  from  the  sample.  It  may  also  be  ascer- 
tained by  noting  the  temperature  to  which  air  has  to  be  cooled, 
before  it  becomes  saturated  and  deports  dew  (dew-point).  For 
example,  if  air  at  18°  has  to  be  cooled  to  11°  before  it  deposits  dew, 
it  contains  water  vapor  at  a  pressure  of  9.8  mm.  (Appendix  IV). 
If  saturated  at  18°,  it  would  have  contained  water  vapor  at  a  partial 
pressure  of  15.4  mm.  The  relative  humidity  was,  therefore,  9.8/15.4, 
or  63,6  per  cent. 

Ventilation.  —  On  a  moist  day,  we  speak  of  the  atmosphere 
as  "heavy"  or  "oppressive,"  The  barometer,  however,  is  lower 
on  such  days,  and  the  pressure  below  the  average.     Moist  air  must 
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be  lighter  tbsn  dry  air,  because  in  moist  air  molecules  of  relative 
weight  18  (H|0)  have  been  substituted  for  an  equal  number  of  mole- 
cules of  oxygen  and  nitrogen  with  the  relative  weights  32  and  28. 
The  disooD^ort  is  due  to  a  different  cause. 

The  oxidation  of  digested  food  carried  by  the  blood  is  accom- 
panied by  liberation  of  heat,  yet  our  bodies  must  remun  at  98.6°  F. 
(37°C.)>  A  rise  of  a  few  t^ths  of  a  degree  produces  discomfort. 
A  tittle  of  the  heat  is  lost  by  radiation  from  the  surface  of  the  body, 
but  the  real  adjustment  is  secured  by  evaporation  of  water  through 
the  skin.  The  vaporization  of  1  g,  of  water  (at  100°)  removes  heat 
amounting  to  540  calories  (603  cal.  at  37°  C).  Evaporation  of  a 
Eangle  ounce  (28^  g.)  of  w&tfir  will  therefore  lower  the  temperature  of 
96,5  Itilt^rams  (168  lbs.)  of  wat^  (or  flcah,  which  is  lai^ly  water)  by 
two-tenths  of  a  d^ree  C,  (nearly  0A°  F.). 

The  "oppressive"  feeling,  then,  is  due  to  the  fact  that  the  air 
is  too  nearly  saturated,  evaporation  is  bdng  hindered  (p.  147),  and 
heat  is  accimiulating.  Hence,  tiie  relative  himaidity  is  the  measure 
of  the  goodness  or  badness  of  the  air  of  a  room. 

In  winter,  cold  and  therefore  relatively  dry  air  is  brought  into 
the  house  and  heated.  This  makes  the  relative  humidity  very  low, 
evaporation  proceeds  too  fast,  and  discomfort  follows.  In  summer, 
however,  the  outside  air  is  often  already  nearly  saturated  at  the 
temperature  of  the  room.  Unless  there  is  a  rapid  change  of  air  by 
ventilation,  the  moisture  from  the  bodies  of  those  in  the  room  in- 
creases the  humidity,  and  discomfort  arises  from  a  cause  oppoate  to 
the  one  which  produced  it  in  winter. 

It  should  be  noted,  also,  that  even  though  the  air  is  in  constant 
motion,  the  layer  of  air  neirt  our  skin  (even  the  exposed  parte)  is 
hindered  from  moving  by  friction.  There  is  a  ttatlonair  layw 
close  to  the  surface,  which  quickly  reaches  the  temperature  of  the 
body  and  becomes  saturated  at  that  temperature.  The  water 
molecules  can  leave  this  layer,  and  make  room  for  others,  only  by 
Effusion,  which  is  a  deliberate  rather  than  a  speedy  process.  Now, 
an  electric  fan,  althoi^h  it  brings  no  fresh,  dryer  air  into  the  room, 
nevertheless  stirs  the  air  and  blows  away  the  moist,  saturated  layer 
next  the  skin.  It,  at  least,  makes  this  layer  much  tliinner,  and 
reduces  greatly  the  distance  the  water  molecules  have  to  go  by  mere 
diffusion.* 

*  The  same  conception  applies  to  diasolTing  a  B^t.  A  stationary  layer  o! 
osturated  eolutioa  is  formed  on  the  surface,  and  the  molecules  of  the  Bait  can 
eecape,  and  make  room  for  more,  only  by  diiluuon.    In  liquida,  this  is  a  very 
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Formerly,  the  accumulation  of  carbon  dioxide  from  the  breath 
was  blamed  for  the  mihealthiness  of  unventilated  rooms.  The 
proportion  found  in  such  rooms,  however,  is  almost  never  sufficient 
,  to  do  any  harm.  Then,  it  was  imagined  that  traces  of  highly  poison- 
ous compounds  were  exhaled  by  the  body.  No  one,  however,  haa 
yet  been  able  to  prove  that  such  poisons  exist. 

The  aims  of  ventilation  are,  therefore,  to  supply  fresh  outside 
air,  to  keep  it  iu  motion,  and  to  maintain  a  humidity  chat  is  neither 
too  low  nor  too  high. 

Dust  in  ths  Air.  —  A  beam  of  sunlight,  croerang  a  daric  room, 
can  be  seen  by  the  light  refiected  from  the  particles  of  dust  in  the 
air.  The  dust  varies  both  in  kind  and  quantity  according  to  the 
locality.  It  is  found  to  be  partly  ino^aule,  and  to  consist  of  clay, 
limestone,  and  soot  from  ill-bumed  fuel.  In  factories  the  dust  may 
consist  of  minute  particles  of  ^ass,  steel,  cement,  or  other  substances. 
The  onsnle  dust  may  be  divided  into  two  kinds.  The  part  which  is 
dead  includes  coal  dust,  refuse  from  the  streets,  minute  shreds  of 
cotton,  linen,  bay,  etc.  The  living  dust  consists  of  pollen  grains, 
spores  of  f  un|p  and  molds,  bacteria,  and  similar  microscopic  organisms. 
The  presence  of  such  germs  in  the  air  is  shown  by  the  fact  that,  when 
nutritive  liquids  have  been  exposed  to  the  air,  even  for  a  few  minutes, 
putrefaction  very  soon  sets  in.  Some  germs  also  produce  disease 
when  they  land  on  a  place  where  the  skin  has  been  damaged  by  a  cut 
or  bum,  or  on  an  inci^on  made  in  the  course  of  an  operation.  After 
infection,  antiseptic  treatment,  e^.,  with  hydrogen  peroxide,  destroys 
the  organisms.  But  protection  in  advance,  e.g.,  with  petrolatum  (q. 
v.),  imtil  a  new  skin  has  formed,  is  better. 

It  is  worth  noting  that  natural  soil  contains  about  100,000  micro- 
danisms  per  c.c,  good,  un£ltered  river  water  from  6000  to  20,000 
per  c.c,  and  pure  air  only  4  or  5  per  liter. 

Flasks  can  be  filled  with  dustless  air  through  the  displacement  of 
that  which  they  contain  by  air  drawn  through  a  wide  tube  pELcked 
with  12-15  inches  of  cotton.  It  has  been  shown  by  Aitken  that  wr 
filtered  in  this  way  behaves  differently  from  ordinary  ^r  in  respect  to 
the  manner  in  wUch  its  moisture  condenses. 

If  a  sample  of  moist  air  is  cooled  until  it  contuns  more  water  vapor 
than  it  could  take  up  at  the  existing  temperature,  the  excess  of  mois- 
hIow  process.  By  tfiiaWing  the  edid  and  liquid,  however,  the  atationary  layer 
ia  partly  wAshed  away.  It  is  made  thinner,  so  that  the  distance  the  nxdeculaB 
ha,vt  to  travd  by  diffusion  is  greatly  reduced,  and  the  whole  operation  is  haEtcned. 
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ture  ia  deported.  This  deposition  usually  takes  place  by  the  forma- 
tion  of  a  multitude  of  little  particles  of  hquid  water,  which  together 
make  up  a  fog.  Now  dustless  air  lacks  this  property  entirely.  When 
saturated  with  water  and  then  cooled,  it  does  not  give  any  trace  of  iog. 
The  excess  of  moisture  is  gradually  deposited  upon  the  walls  of  the 
vessel  and  upon  any  material  objects  which  it  contains,  but  of  fog 
there  is  no  trace  viable.  It  seems  that  the  particles  of  dust  are  re- 
quired as  nuclei  round  which  the  water  may  gather.  In  the  absence 
of  dust,  and  therefore  of  proper  nuclei,  the  moisture  is  not  precipi- 
tated in  the  usual  way.  Thus  fogs  and  rain  would  be  impossible  but 
for  the  presence  of  dust  in  all  ordinary  air.  In  the  absence  of  dust, 
the  cooling  would  produce  supersatura- 
tion,  which  would  be  slowly  relieved  by 
condensation  on  the  surfaces  of  houses, 
plants,  animals,  and  land.  Thus,  in  a 
dustless  atmosphere  an  awning  or  um- 
brella would  afford  no  shelter. 

The  formation  of  fog  in  ordinary 
sir,  and  its  absence  in  filtered  air,  is 
easily  shown  in  a  darkened  room  (Fig. 
116).  The  ffask  contains  some  water  to  . 
saturate  the  air.  When  sucti<m  is  ap- 
plied, by  the  mouth,  to  the  tube  S,  the 
saturated  air  in  the  flask  expands  and  is  cooled.*  With  ordinary 
air,  a  fog,  brilliantly  illuminated  by  the  beam  of  light,  is  instantly 
oroduced.  Filtered  air  (dustless)  gives  no  fog.  On  the  other  hand, 
a  whiff  of  smoke  from  smoldering  paper,  when  admitted  to  the 
flask,  causes  a  fog  (after  cooling)  of  extraordinary  denseness  [Lect. 
exp.]. 

By  diluting  air  with  dustless  air,  generating  fog  in  the  mixture, 
and,  with  the  help  of  a  microscope,  counting  the  globules  when  they 
settle,  an  estimate  of  the  number  of  particles  of  dust  in  air  may  be 
made.  It  is  found  that  rain  removes  a  large  proportion  of  them, 
while  respiration  and  combustion  greatly  increase  their  number. 
The  prevalence  of  fogs  in  cities  is  thus  accounted  for.  The  following 
are  the  numbers  of  dust  particles  in  1  c.c.  of  air: 

Outside,  raining 32,000    A  room,  near  the  ceiling    .     S,430,000 

Outside,  fair      130,000    Air  above  Bunsen  flame    .  30,000,000 

A  room       1,860,000 

*  CompreaBion  with  a  bicycle  pump  heats  air,  and  exj^aumta  ooi^  it. 
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Air  a  Mixture.  —  Since  the  miun  components  of  air  wctc  not 
definitely  identified  until  the  end  of  the  eighteenth  centuiy,  we  can 
underatajid  why  the  substance  was  for  long  considered  to  be  an  ele- 
ment. The  experiments  which  we  have  described,  in  which  the 
oxygen  was  removed  from  the  air  and  the  nitrogen  remained,  do  not 
prove  that  the  ori^nal  constituents  were  present  simply  in  mechanical 
mixture.  They  might  have  been  rombined,  and  the  combustion  of 
phosphorus,  for  example,  might  have  represented  the  removal  of 
oxygen  from  combination  with  nitrogen  and  its  appropriation  by  the 
phosphorus.  It  may  be  well,  therefore,  to  point  out  some  reasons 
which  lead  us  to  regard  the  air  as  a  mixture: 

1 .  When  two  substances  enter  into  chemical  combination,  the  new 
body  invariably  has  different  phyacal  properties  from  either  of  the 
original  ones.  Each  of  the  substances  in  air,  however,  has  predsely 
the  same  properties  which  it  exhibits  when  free,  separate,  and  pure. 
This  is  characteristic  of  a  mixture.  Thus,  there  is  no  simple  relation 
between  the  refractive  poioer  for  light  which  a  compound  possesses  and 
the  refractive  powers  of  its  constituents.  In  the  case  of  air,  however, 
the  refractive  power  is  iexactly  that  which  we  should  calculate  from 
the  refractive  powers  of  the  constituents,  taking  into  account  the 
proportions  of  them  which  air  contains. 

Again,  the  nitrogen  and  oxygen  disaolve  independently  in  water 
in  proportion  to  their  solubilities  and  partial  pressures  (p.  189).  If 
the  air  were  a  compound,  it  would  dissolve  as  a  whole,  and  the  rda- 
tive  proportions  of  the  components  would  not  be  changed  by  the 
process^  Also,  the  density  of  air  is  precisely  that  which  we  find  by 
calculation  from  the  known  proportions  and  several  den^ties  of  the 
components.  Likewise,  when  liquefied  Eur  is  allowed  to  evaporate  in 
a  suitable  apparatus,  the  nitrogen,  being  more  volatile,  can  be  sepa- 
rated from  the  oxygen.  When  the  oxygen,  in  turn,  is  allowed  to 
evaporate,  the  carbon  dioxide  and  water  remain  as  solids,  frozen  at 
this  k>w  temperature.     No  compound  of  nitrogen  and  oxygen  is  found. 

2.  The  proportion  by  volume  in  which  the  gases  are  found  in  the 
air  is  not  so  simple  as  the  proportions  which  we  observe  in  cases  of 
chemical  combination.  The  proportion  is  close  to  4  : 1,  but  not 
exactly  4  :  1.  Besides,  as  we  have  seen,  the  proportion  is  not  per- 
fectly constant. 

3.  The  compoation  of  air  varies,  while  the  compoation  of  d^nite 
chemical  substances  is  always  the  same.  The  proportions  by  weight 
also  in  which  the  components  are  contained  in  air  are  not  integral 
multiples  of  the  atomic  weights  (see  Exercise  2). 

I      Mz,,!:,.,  Google 
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Composition  tif  Air.  —  Air,  when  freed  from  carbon  dioxide 
and  water,  containa  by  volume  78,06  per  cent  of  nitn^en,  21,00 
per  cent  of  oxygen,  and  0.94  per  cent  of  ai^n.  When  only  the 
water  is  renwved,  the  carbon  dioxide  averagea  about  0.03  per  cent 
of  the  whote. 

To  use  an  illustration  of  Graham's,  if  we  ima^ned  the  air  to  be 
divided  by  magic  into  layers,  all  at  one  atmosphere  pressure,  and 
with  the  heavier  components  below,  we  should  have:  On  the  earth, 
Bve  inches  of  water;  above  that,  thirteen  feet  of  carbon  dioxide; 
above  that,  ninety  yards  of  ai^n;  above  that,  one  mile  of  oxygen; 
and  on  the  top  four  miles  of  nitrogen. 

UqiMfaction  of  Gases.  —  The  eariiest  experiments  of  this  kind 
seem  to  have  been  made  by  Northmore  (1805),  who  liquefied  chlorine, 
hydrogen  chloride,  and  siUphur  dioxide.  In  1823  chlorine  was  again 
liquefied  by  Faraday;  find  in  the  same  year  Davy,  whose  assistant 
Faraday  was,  liquefied  hydrogen  chloride.  During  the  following  years 
Faraday  reduced  other  gases  —  sulphur  dioxide,  hydrogen  sulphide, 
carbon  dioxide,  nitrous  oxide,  cyanc^en,  and  ammonia  —  to  the  liquid 
condition.    He  failed,  however,  with  oxygen,  hydr<^D,  and  nitrogen. 

The  method  which  he  employed  was  extremely  simple.  He  used  a 
bent  tube  shaped  like  an  inverted  v  (A),  into  one  limb  of  which 
materials  for  producing  the  gas  were  -  introduced  (Fig.  90,  p.  226). 
The  other  limb  was  then  sealed  up  and  immersed  in  a  freezing  mix- 
ture. The  gas,  usually  liberated  by  heating,  was  liquefied  by  its  own 
pressure  in  the  cold  limb.  By  means  of  a  more  elaborate  apparatus, 
Cailletet  and  Pictet  simultaneously  (December,  1877)  obt^ned,  the 
one,  a  fog,  and  the  other,  a  spray  containing  droplets  of  liquid  oxygen. 
In  1883  Wroblevski  and  Olseevski  made  visible  amounts  of  the  same 
Uqmd.  About  the  same  time  Dewar  devised  means  of  manufacturing 
laige  quantities  of  liquid  air  and  oxygen. 

The  principle  now  used  in  liquefying  gases  depends  on  the  fact 
that,  although  a  perfect  gas,  when  expandii^  into  a  vacuum,  should 
suffer  no  fall  in  temperature,  Ednce  it  does  no  work,  ordinaiy  gases  do 
become  cooled  very  slightly.  The  work  which  they  do  in  expand- 
ing in  such  drcumatances  is  done  in  overcoming  the  cohesion  between 
their  molecules  (p.  164),  so  that  a  tearing  apart  of  the  substance, 
which  consumes  heat,  has  to  take  place.  Since  this  coheEdon  beccones 
more  conspicuous  the  lower  the  temperature  {(f.  p.  166),  the  cooling 
effect  of  expaoMoD  becomes  greater  and  greater  as  the  temperature 
falls. 

DolizodbyGoOgle 
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The  moet  auccessful  apparatus  for  use  on  a  small  or  large  Bcale  is 
that  devised  by  Hampsou.  In  this  apparatus  (Fig.  117),  two  con- 
centric copper  pipes,  about  130  meters  in  length,  are  coiled  closely  in 
a  cylindrical  form,  with  non-conducting  ooverii^  to  prevent  access  of 
heat  from  the  outade.  Air  at  130-150  atmospheres  pressure  is 
forced  through  the  inner  pipe  (upper  opening,  Fig.  117).  When  it 
reaches  the  extremity  of  this  pipe,  it  suddenly  escapes  into  a  closed 
vessel.    This  expansion  lowers  its  temperature.    A  spiral  partition 


between  the  coils  produces  the  outer  tube  of  which  we  have  spoken. 
The  gas  in  the  tube  A  (Fig.  118)  is  under  a  pressure  of  130-150 
atmospheres.  The  distance  of  the  nosutle  D  from  the  pli^  C  is 
adjusted  so  that  the  pressure  of  the  gas  in  the  chamber  and  spiral 
outer  tube  is  reduced  to  one  atmosphere.  The  air  can  now  escape 
only  by  traveling  back  through  the  outer  pipe  to  the  final,  wider  exit 
near  the  top.  In  doing  so,  it  coots  the  highly  compressed  tar  in  the 
inner  pipe.  The  cooler  air,  on  reaching  the  closed  vessel,  expemde 
and  becomes  colder  than  ever,  and  in  passing  backwards  lowers  the 
tempemture  of  the  air  in  the  inner  pipe  still  further.  Finally,  the  eix 
in  this  pipe  liquefies,  and  drops  of  liquid  air  are  expelled  into  the 
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closed  vessel.    This  is  allowed  to  run  out  through  a  valve,  from 
time  to  time,  as  it  accumulates. 

Ijquid  air  can  be  kept  in  Dewar  flasks  (Fig.  119).  The  space 
between  the  inner  and  outer  Sasks  is  evacuated,  so  that  there  is  no 
gas  to  carry  heat  from  the  atmosphere  in  to  the  liquid  air.  The  inner 
surface  of  the  outer  flask  is  often  silvered,  so  that  radiant 
heat,  from  surrounding  bodies,  may  be  reflected  and  not 
absorbed. 


liquid  Air.  —  liquid  air  varies-  in  compOEdtion,  as 
tiie  nitrogen  (b.-p.  — 194°)  is  less  condensible  than  the 
axysea  (b.-p.  — 181.4').  It  boils  at  about  —190°,  and 
contuns  about  54  per  cent  of  oxygen  by  weight,  while  air  contains 
23.2  per  cent.  By  allowing  evaporation  to  go  on,  s  liquid  containing 
75  to  95  per  cent  of  oxygen  is  easily  obtained  (cf.  p.  81).  The  gas 
secured  by  the  evaporation  of  the  residue  is  pumped  into  cylinders 
and  sold  as  compressed  oxygen.  It  contains  about  3  per  cent  of 
ai^n,  and  is  a  convenient  source  of  this  element.  Cartridges  made 
of  granular  charcoal  and  cotton  waste,  when  saturated  with  liquid 
air,  have  be^  used  as  an  explosive  in  mining. 

-The  Helium  Familt 

Argon  A.  —  Lord  Rayleigh  was  the  first  to  observe  that,  while 
specimens  of  oxygen  and  other  gases  made  purposely  from  various 
sources  always  had  the  same  density,  nitrogen  was  an  exception. 
One  liter  of  nitrogen  made  from  air,  and  supposed  to  be  pure,  weighed 
1.2572  g.  When  the  gas  was  manufactured  by  decomposition  of  five 
different  compounds,  such  as  urea  and  certain  oxides  of  nitrogen,  the 
results  agreed  well  amongst  themselves.  But  the  mean  weight  of  a 
liter  of  this  nitrogen  was  only  1.2505  g.  The  difference,  amounting  to 
nearly  7  mg.,  was  very  much  greater  than  the  experimental  error. 
The  suspicion  naturally  arose  that  some  heavier  gas  was  present  in 
atmospheric  nitrogen.  Soon  after  (1894),  the  late  Sir  William  Ram- 
say, working  in  cooperation  with  Lord  Rayleigh,  obtained  argon  by 
removal  of  the  greatly  preponderating  nitrogen  by  means  of  mag- 
nesium (p.  514).  The  new  gas  had  a  molecular  weight  of  about  40, 
and  was  therefore  more  than  one-third  heavier  than  nitrogen. 

In  order  to  make  sure  that  this  substance  did  not  have  ita  source  in  the  magnd- 
Bium,  a  diSenmt  method  was  used  by  Lord  Rayleigh  to  sq»rate  it  from  nitrogen. 

_     t;oo;jlc 
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He  incloaed  the  nitrogen  with  &  suffident  quantity  of  ox^cn  in  a  fluk,  through 
the  aidee  of  which  platinum  poles  had  been  inserted.  A  tube  altered  the  flask  by 
the  neok,  and  through  thie  a  constant  fountun  of  potassium  hydronde  boIuUod 
played  upon  the  interior  and  kept  the  surface  covered  with  fresh  quantities  of  the 
liquid.  Another  tube  permitted  the  overflow  of  the  excess  of  this  solution.  The 
discharge  of  electricity  produced  nitrogen  tetroxidc  (g.v.),  which  was  absorbed  by 
the  potaaeiiun  hydroxide  to  form  potassium  nitrate  and  potassium  nitrite.  The 
volume  of  gas  thus  continually  diminished  and,  by  persistent  sparking  of  the  mix- 
ture with  oxygen,  the  nitrogen  was  finally  all  taken  out.  The  excess  of  oxygen 
was  then  removed,  and  the  gas  which  remained  was  found  to  be  identical  with  that 
which  Ramsay  had  obtained. 

Lord  Raylogh's  method  was  extremely  interesting,  since  it  was  a  reproduction 
of  an  experiment  made  by  Cavendish  more  than  one  hundred  years  befwe  (1785). 
The  latter  had  remarked  that  the  assumption  that  the  inert  atmospheric  gas  was 
a  homogeneous  single  substance  had  not  been  oonfirmed  by  sufficiently  cardul 
experiment.  He  even  endeavored  in  precisely  the  above  way  to  remove  the  nitro- 
gen in  order  to  see  wheth^  any  other  body  remained.  He  records  the  fact  that 
only  about  0.8  per  cent  of  inactive  gas  remained.  Since  the  quantity  was  so 
small,  and  the  spectroscope,  by  which  the  gas  even  in  small  amounts  would  have 
been  recc^piized  to  be  new,  was  not  invented  until  mudi  later,  he  did  not  pursue 
the  Hubjeijt.  Argon  thus  narrowly  eec^ied  detection  over  a  century  bdore  its 
actual  disoovwy. 

The  exact  denaty  of  ai^n,  referred  to  oxygen  =  32,  is  39.88. 
When  liquefied  it  boils  at  — 186.9",  and  the  colorless  solid,  obtiuned 
by  cooling  the  liquid,  melts  at  — 189.5°.  The  solubility  of  the  gas  in 
water  (4  volumes  in  100)  is  two  and  one-half  times  that  of  nitrogen. 
It  has  not  been  found  to  enter  into  any  sort  of  chemical  combination, 
and  was  named  argon  on  this  account  (Gk.  t^tyoi,  inactive). 

Since  the  atomic  weight  of  a  substance  is  a  quantity  showing  the 
proportion  in  which  it  enters  into  combination,  it  will  be  seen  that 
argon,  since  it  has  not  yet  been  found  to  combine  with  anything,  has, 
to  speak  strictly,  no  at^imic  weight  {pp.  243,  254).  At  the  same  time, 
it  is  manifestly  a  question  of  interest  to  determine  whether  the  physi- 
cal properties  require  the  supposition  that  the  molecule  of  argon 
contains  one  atom,  or  more  than  one  atom. 

If  gases  were  composed  of  perfectly  elastic  spheres,  the  molecules 
would  be  altered  only  in  respect  to  velocity  of  movement  by  heating. 
Calculation  enables  us  to  determine  that  to  raise  the  temperature  of 
one  G.M.V.  of  such  a  gaa  by  one  degree  would  require  3  calories  in 
every  case.  Now  R^^ault  found  the  following  values  (in  calories) 
for  the  beat  capacity  of  gases: 
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Oxygen  (0,) 4.96  Carbon  dioxide  (COj)     .     7.56 

Hydrogen  (Hi) 4.82  Sulphur  dioxide  (SO,)     .    7 .S2 

Nitrogen  (N,)     4.82  Chloroform  (CHCl.)  .    .16.55 

Hydrogen  chloride  (HCl)  .  4.76  Alcohol  (C)H,0)  ....  18.70 

These  gaaes  evidently  are  not  constituted  as  the  hypothesis  with 
which  this  paragraph  opened  supposes.  Some  heat  is  consumed  in 
work  done  inside  the  polyatomic  molecules,  and  the  amounte  by  which 
the  numbers  exceed  3  calories  show  that  the  intramolecular  work  is 
greater  as  the  complexity  of  the  molecules  increases.  Now,  in  mer- 
cury vapor  the  value  is  exactly  3,  and  its  vapor  is  monatomic  (p.  250), 
so  that  in  its  molecules  there  is  no  opportunity  for  the  consumption 
of  heat  in  intramolecular  change.  Hence,  when  at^n  was  found 
likewise  to  give  3  for  the  value  of  its  molecular  heat-capacity,  identity 
of  its  atcHnic  and  molecular  weights  was  demonstrated. 

BeUum  He.  —  In  1868  Lockyer  first  detected  an  orange  line  in 
the  spectrum  of  the  sun's  prominences,  which  was  not  given  by  any 
terrestrial  substance  then  known.  The  line  was  so  conspicuous  that 
it  was  attributed  to  the  presence,  in  considerable  quantity,  of  a  new 
chemical  element,  which  was  named  h«Uum  (Gk.  ^Aim,  the  sun). 
Kamsay,  in  sevching  for  sources  of  aKon,  examined  a  gas  which 
Hillebrand  had  obtained  by  beating  uramnite,  an  ore  of  uranium.  He 
was  surprised  to  find  (1895)  that  the  gas  was  not  nitrc^en,  as  had  been 
supposed,  nor  was  it  even  argon.  It  frequently  contained  a  lai^ 
proportion  of  a  gas,  very  much  lighter  than  either,  the  spectrum  of 
which  showed  at  once  that  it  was  identical  with  helium.  The  same 
gas  has  since  been  obtained  from  other  minerals,  from  the  water  of 
certain  mineral  springs,  and  it  is  found  in  small  amount  in  the  atmoa* 
phere.  Helium  does  not  exhibit  any  tendency  to  enter  into  com- 
bination, ^ther  with  the  elements  which  its  parent  minerals  contfun, 
or  with  any  others.  It  is  monatomic  {cf.  p.  510)  and  its  density 
shows  that  its  molecular  weight  is  4.  When  liquefied  by  Onnes,  it 
boiled  at  —268.5°  (4.5°  abs.),  and  had  a  density  of  only  0.15. 

Neon  Ne,  Krypton  Kr,  Xenon  Xe,  and  Niton  Nt.  —  When 
the  argon  obtained  from  atmospheric  nitrogen  was  cooled  with  liquid 
air  (—190°)  by  Ramsay  (1898),  the  argon,  krypton,  and  xenon  were 
liquefied,  and  the  neon  and  helium  were  dissolved  by  the  liquid. 
When  heat  was  allowed  to  reach  the  mixture,  the  last  two  gases 
escaped  first,  abng  with  much  argon.    When  most  of  the  argon  had 
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Reaped,  the  krypton  and  xenon  still  remuned  liquid.  By  repeated 
liquefaction  and  fractional  evaporation  (see  under  Petroleum),  the 
kiypton  and  xenon  were  separated  from  the  argon  and  from  one 
another.  When  the  vessel  containing  the  mixture  of  helium  and  neon 
was  immersed  in  liquid  bydn^en  ( — 240^) ,  the  second  froze  to  a  white 
solid,  and  the  heUiun,  which  remained  gaseous,  could  be  pumped  off. 
All  these  gases  tc^ether  constituted  one-eix  hundredth  part  of  the 
atmospheric  argon. 

These  gases  are  all  entirely  inactive  chemically,  and  are  all  mon- 
atomic.  Their  molecular  weights  are:  Neon  (Gk.  i^,  new),  20.2; 
krypton  (Gk.  xpim-dr,  hidden),  82.92;  xenon  (Gk.  itvoy,  strat^^), 
130.2. 

Niton  (radium  emanation,  q.v.),  molecular  w^ht  222.4,  also 
belongs  to  this  family. 

Exercuea.  —  1.  A  sample  of  moist  air,  confined  over  water  at 
15°  and  760  mm.,  occupies  15  c.c.  It  is  mixed  with  20  c.c.  of  hydro- 
gen, and  the  mixture  is  exploded,  and  suffers  a  contraction  of  9.5  c.c. 
What  would  be  the  volume  of  the  oxygen  it  contained  if  measured  dry 
at  0"  and  760  mm.7 

2.  Calculate,  from  the  data  on  p.  500  and  the  densities,  the 
percentage  by  weight  of  the_  three  principal  components  of  air. 

3.  Of  the  proofs  that  air  is  a  mixture  (p.  506),  which  show  that 
no  part  of  the  components  is  combined,  and  which  that  the  com- 
ponente  are  not  wh<M.y  combined? 

4.  What  is  the  relation  between  heavier  clothing  and  the  station- 
ary layer  of  air  next  the  skin? 

5.  From  the  data  given  on  p.  502,  calculate  the  weight  of  water 
vapor  in  1  cubic  meter  of  air  saturated  at  18"  and  at  0°,  respectively. 


DiailizodbvGoOgle 


CHAPTER  XXV 

HTTBOCUN  JlKD  ITS  COHPOimDS  WITH  HTPROCOIT 

Nitrogen  was  recognized  to  be  a  distinct  substance  by  Ruther- 
ford (1772),  Professor  of  Botany  in  the  University  of  Edinburgh, 
who  named  it  mephitjc  ^r.  Scheele  showed  that  it  was  present 
in  the  atmosphere.  Lavoisier  recognized  it  to  be  an  element,  and 
named  it  azote  (Gk.,  vnikoui  life)  because  it  did  not  support  life. 
The  English  name  records  the  fact  that  it  is  an  important  con- 
stituent of  saltpeter  KNO*  (Lat.  nifr-um). 

The  Chemical  ReUitiona  of  the  Element  Nitrogen.  —  In 

compounds  with  hydrogen  and  the  metals  nitrt^en  is  trivalent, 
while  in  those  containing  oxygen  and  other  negative  elements  it  is 
frequently  quinquivalent.  It  is  a  non-metal,  for  its  oxides  are 
addic  (p.  150).  Many  of  the  compounds  of  nitrogen  are  extremely 
active  and  interesting.  Those  of  them  which  we  have  to  discuss 
in  inons^nic  chemistry  are  ammonia  NHt  and  nitric  add  HNOg,  and 
several  related  substances.  The  organic  compounds  containing 
nitrogen  are  very  numerous  and  possess  highly  characteristic  prop- 
erties. Some,  like  nitroglycerine  (q.v.)  and  guncotton,  are  violently 
exploave;  others,  like  antipyrine,  show  great  phyoological  activity; 
still  others,  such  as  the  aniline  and  other  organic  dyes,  provide  us  with 
beautifu]  and  useful  coloring  matters. 

Occurrence.  —  Apart  from  the  presence  of  free  oitrt^^  in  the 
air,  the  element  is  found  in  many  forms  of  combination.  The  nitrates 
of  potasEDum  and  sodium  are  found  in  Bengal  and  other  troincal 
countries  and  in  Chile,  respectively.  Natural  manures,  such  as 
guano,  contain  large  quantities  of  nitrc^n  compounds,  and  owe  their 
value  as  fertilisers  to-this  fact.  Nitn^en  ia  an  essentjal  constituent 
of  the  protdns  (about  16  per  cent  nitrogen)  of  vegetable  and  animal 
matter. 

Pr^mration.  —  Nitn^^  containing  about  one  per  cent  of  argon 
(9.11.)  is  easily  obtainable  from  purified  air,  when  the  oxygen  of  th» 
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latter  is  removed,  for  ejiample,  by  pasaage  over  heated  copper.  For 
commercial  purposes,  it  is  obtained  by  evaporation  of  liquid  air. 

When  pure  nitrogen  is  required,  it  must  be  obtain&l  frmn  chemical 
compounds,  in  order  that  it  may  be  free  fnun  argoo.  The, simplest 
method  ia  to  heat  ammonium  nitrite: 

NH4NO,-*2H,0  +  N,. 

In  practice,  mnce  anmionium  nitrite  is  unstable  and  cannot  eaoly  be 
kept,  a  mixture  of  an  ammonium  salt  with  some  salt  of  nitrous  add  is 
employed.  Thus,  when  strong  soIutJona  of  ammonium  chloride  and 
sodium  nitrite  are  mixed,  a  double  decomposition  results  in  the  for^ 
mation  of  ammonium  nitrite,  NH^Cl  +  NaNOi  ^  NBUNO*  +  NaQ, 
and  this  breaks  up  when  heat  is  apphed,  giving  nitrogen. 

We  may  also  prepare  nitrogen  by  the  oxidation  of  ammonia  NH|, 
by  pasdng  the  latter  over  heated  cupric  oxide  (see  p.  51&),  or  by  the 
reduction  of  nitric  oxide  NO  by  paadng  this  gas  over  heated  copper. 

Physical  Properties.  —  Nitrogen  is  a  colorless,  tasteless,  odor- 
leas  gas,  as  we  should  expect  from  the  fact  that  air  possesses  these 
properties.  It  forms  a  colorless  Uquid,  boiling  at  —  19r.  'By 
further  cooling,  this  liquid  freezes  to  a  white  sohd  (m.-p.  —214°). 
The  soluUlity  of  nitrogen  in  water  (1.6  vols,  in  100)  is  less  than  that 
of  oxygen. 

Chemical  Properties.  —  The  denmty  of  the  gas  shows  the 
formula  of  free  nitrctgen  to  be  Ni. 

Nitrc^;en  imitM  with  few  common  chemical  elements  directly.  At 
ordinary  temperatures  it  is  almost  absolutely  indifferent.  When 
passed  through  a  tube  over  strongly  heated  lithium,  caldum,  magne- 
Ediun,  or  boron,  it  forms  definite  chemical  compounds,  known  aa 
nitridM,  in  which  it  is  trivalent  These  have  the  formuhe  IiiN,  Ca«Ni, 
MgiNi,  and  BN,  respectively.  Thus,  when  magnesium  is  binned  in 
the  air,  the  white  mass  which  is  formed  contains  magnefflum  nitride, 
along  with  much  of  the  oxide.  When  the  ash  is  moistened  with  water 
in  a  covered  vessd,  ammonia  can  be  smelt  and  can  be  detected  with 
moist  litmus  paper  [Lect.  exp.].  The  nitride  is  hydrc^ysed: 
MgJJ,  +  6H,0  -^  3Mg(0H). "+  2NH,  T . 

Nitrogen  oomtnnee  with  difficulty  with  bydn^en  to  fonn  ammonia 
NHi  and  with  still  greater  difficulty  with  oxygen  to  form  nitric  oxide 
NO.    The  actions  wiU  be  discussed  under  the  compounds  tbonselTes. 
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The  indifference  of  free  nitrogen  is  doubtless  due  to  the  fact  that  its 
molecules  Nt  are  extremely  stable. 

One  case  of  direct  union  of  nitrogen  is  of  economic  importance. 
The  supply  required  by  plants  is  obtained  partly  from  nitrogen  com- 
pounds oontuned  in  fertilizers,  or  equivalent  substances  already  pre»- 
ent  in  the  soil.  The  Isffuminoste,  such  as  peas,  beans,  clover,  and 
alfalfa,  are  associated  constantly  with  certain  bacteria  which  fiouiish 
in  nodules  upon  their  roots.  These  bacteria  have  the  power  of  taking 
free  nitrogen  from  the  air,  which  penetrates  the  soil,  breaking  up  its 
molecules,  and  producing  proteins.  The  nodules  often  contain  over 
five  per  cent  of  combined  nitrogen.  The  proteins,  by  the  action  of 
nitrifying  bacteria,  give  nitric  acid  which,  with  bases  in  the  soil, 
gives  nitrates.  These  are  soluble,  and  are  absorbed  throi^h  the 
roots,  furnishing  the  nitrogen  needed  1^  plants  to  enable  them  to 
construct  the  proteins  they  require. 

An  actiTB  tana  of  nitrogen,  discovered  by  Strutt,  is  produced  by 
passing  an  electric  dischat^  through  the  gas  under  low  pressure. 
When  the  discbarge  is  stopped,  a  yellow  light  is  produced  by  the 
leverEdon  of  the  nitrogen  to  the  inactive  form.  A  trace  of  oxygen 
seems  to  be  required,  posdbly  as  a  catalyst.  With  a  httle  vapor 
of  pentane  C^n  in  the  tube,  this  active  nitrogen  gives  hydrocyaoio 
acid  HNC  {q.v.). 

Compounds  of  Nitrogen  and  Hydrogen.  —  The  commonest 
and  longest  known  of  these  substances  is  ammonia  NtU,  which  was 
first  described  by  Priestley  (1774)  and  named  "  alkaline  air. "  Curtius 
discovered  hydmzine  N1H4  in  1889,  and  hydrazoic  add  HNi  in  1890. 
Hydro}^lamine  NHjO,  discovered  by  Lt^sen  in  1865,  is  similar  to 
anunonift  in  chemical  behavior. 

Ammonia.  NHj 

Ammonia  is  of  interest,  commercially,  because  large  amounts 
of  liquefied  ammonia  are  used  in  refrigeration,  because  much  is 
employed  in  the  manufacture  of  carbonate  of  soda,  and  because  its 
compounds  are  used  as  fertilizers. 

Manufacture.  —  Ammonia  Is  formed  when  proteins  are  heated 
in  the  absence  of  ur.  Thus,  it  was  formerly  obtained  by  the  distilla- 
tion of  hoofs,  hides,  and  horns,  and  the  solution  in  water  was  called 
"siniit  of  hartshorn."    Coal  contains  1-2  per  cent  of  combined 
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nitn^en,  derived  from  the  proteins  of  tbe  original  plants.  Henoe, 
wlien  coal  is  distilled  in  tbe  manufacture  of  coal  gas  or,  on  a  mudi 
larger  scale,  for  the  making  of  coke,  much  ammonia  can  be  secured 
by  washing  with  water  the  gases  which  are  ^ven  off.  The  aoTution 
ia  separated  from  the  tar,  lime  is  added  to  liberate  the  ammonia,  and 
the  ammonia  gas  is  driven  out  by  heating  and  passed  into  sulphuric 
acid  or  hydrochloric  acid.  It  gives  ammonium  sulphate  or  t^toride 
(see  below). 

In  Germany  80  per  cent  (1910)  of  the  coke  is  made  in  "by- 
product" coke  ovens,  in  which  the  ammonia  and  other  by-products 
are  collected  and  utilized;  in  the  United  States  83  per  cent  of  the 
coke  is  made  in  "beehive"  ovens  (1911)  in  which  the  vapors  are 
simply  burned.  Ammonium  sulphate  is  a  valuable  fertilizer  and  m 
1911,  in  the  United  States,  ammonia  capable  of  yielding  400,000 
tons  of  ammonium  sulphate  worth  24  million  dollars  was  burned 
by  the  cokemakers. 

The  distillation  of  coal  is  the  chief  source  of  commercial  am- 
monia. In  Scotland,  however,  oil-bearing  shale  b  distilled  to  obtain 
petroleum,  and  much  ammonia,  liberated  at  the  same  time,  is  col- 
lected. Formerly  it  was  allowed  to  escape  but,  in  the  absence  of  a 
protective  tariff,  the  competition  of  American  and  Russian  petroleum 
compelled  economy.  Now,  the  profit  on  the  ammonium  sulphate 
pays  the  whole  cost  of  mining  and  distilling  the  shale. 

Syntheiic  Ammonia.  —  The  direct  union  of  nitrogen  and 
hydrogen  (1  vol.:  3  vob.)  to  form  ammonia:  Nt  +  3Hi  r^  2NH|  + 
2  X  12,200  cal.  is  a  reversible  reaction.  Since  heat  is  absorbed  in 
decomposing  ammonia,  the  proportion  of  this  gas  present  at  equi- 
librium becomes  rapidly  smaller  as  the  temperature  rises  (van't 
Hoff's  law,  p.  305).  The  proportions  (at  760  mm.),  determined  by 
Haber,  are:  200°,  15.3  per  cent;  300°,  2.2  per  cent;  500°,  0.13  per 
cent;  700°,  0.02  per  cent;  1000",  0.004  per  cent.  Thus,  at  700° 
anmionia  is  practically  all  decomposed,  and  at  low  temperatures  the 
action  is  so  slow  that  no  imion  to  form  ammonia  is  perceptible. 
I  \  The  Badische  Company  is  now  (1914)  manufacturing  ammonia 
on  a  large  scale,  for  the  preparation  of  explosives,  by  the  direct  union 
of  nitrogen  and  hydrogen.  It  is  necessary  to  use  a  lower  temperature 
and  a  contact  agent  —  such  as  specially  prepared  iron  —  to  hasten 
the  action.  Then,  too,  the  reaction  is  accompanied  by  a  diminution 
in  volume  (4  vols.  —*  2  vols.),  and  is  therefore  assisted  by  using  the 
gases  under  a  pressure  of  185-200  atmospheres  (Le  Chatelier's  law, 
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p.  3)37).  Below  500°,  with  these  conditions,  about  8  per  cent  of  the 
gases  combine.  The  ammonia  is  dissolved  out  with  water,  aw^ 
the  uncombined  gases  are  sent  through  the  process  again.  The 
required  hydrogen  may  be  obtained  by  one  of  the  commercial  proc- 
eeeee  (p.  122),  and  the  nitn^en  from  Uquid  air. 

Preparation  in  the  Laboratory.  —  1.  A  mixture  of  staked 
lime  and  some  salt  of  ammonium,  such  as  ammonium  chloride, 
either  with  or  without  water,  is  heated  in  a  flask  or  retort  provided 
with  a  delivery  tube: 

Ca(OH),  +  2NH4CI  i=f  CaClj  +  2NHiOH  ^  2NH,  +  2H^. 

The  ammoniiun  hydroxide,  formed  by  the  double  decompodtion, 
beii^  unstable,  immetUately  decomposes. 

2.  Warming  the  aqueous  solution  gives  a  steady  stream  of  the 
gas.  Snce  the  gas  is  very  soluble  in  water,  it  is  collect^  over 
mercury  or  by  downward  displacement  of  air.  The  moisture  which 
it  contfuns  is  removed  by  passage  throi^  a  tower  or  wide  tube 
filled  with  quicklime.  Calcium  chloride  cannot  be  used,  aa  the  gaa 
combines  with  it  fonning  a  compound  CaClj,8NHi,  similar  in  prop- 
erties to  a  hydrate  (pp.  150-lM). 

In  the  decay  of  meat  (containing  proteins)  and  of  manure,  the 
strong  odor  is  due  in  part  to  the  ammonia  produced. 

Physical  Properties.  —  Ammonia  is  a  colorless  gas  with  a  pun- 
gent, characteristic  odor  familiar  in  smellii^-salts.  The  G.M.V.  of 
the  gas  weighs  17.26  g.,  so  that  the  density  is  little  more  than  half 
that  of  air  (t/,  p.  233).  When  liquefied  it  boils  at  —  33°  and  exerdses 
a  pressure  of  6.5  atmospheres  at  10°  (denMty  0.62  at  0°).  The  solid 
is  white  and  crystalline  (m.-p.  —77°).  The  gas  is  very  soluble  in 
water,  one  volume  of  the  latter  dissolving  1300  volumes  of  the  gas  at 
0°,  783  volumes  at  16°,  and  306  volumes  at  50°.  The  35  per  cent 
aqueous  solution,  saturated  at  15",  and  sold  as  "concentrated 
ammonia,"  has  a  sp.  gr.  0.881.  The  whole  of  the  dissolved  gas  may 
be  removed  by  boiling  ((^.  p.  211), 

Liquefied  ammonia  is  us«d  in  rafrlgaration.  In  evaporating  at 
—  33°  it  absorbs  330  cal.  per  gram.  Water  alone  has  a  greater 
heat  of  vaporisation.  The  lai^e  amount  of  heat  is,  in  both  cases, 
required  because  of  the  relativdy  large  volume  of  the  vapor  (due  to 
low  molecular  weight)  and  to  the  fact  that  both  liquids  are  associated 
(p.  282),  fmd  the  complex  molecules  (NHi)i  and  (NH|)i  have  to  be 
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decomposed.  To  freeze  1  gram  of  water  at  0°,  80  cal.  have  to  be 
removed.  Thus  1  g.  of  liquid  ammonia  will  convert  4  g.  of  water 
into  ice.  Fig.  120  slwws  one  arnragemeDt 
diagrammatically.  The  ammonia  gas,  ob- 
tained from  a  cylinder  of  liquid  ammonia, 
is  driven  by  the  pump  F  along  the  tube  E 
and  is  liquefied  in  the  tube  coiled  in  the 
tank  AB.  Cold  water  circulating  through 
AB  removes  the  heat  produced  by  the  com- 
pression and.  liquefaction  of  the  gas.  The 
liquid  ammonia  is  allowed  to  drip  through 
the  stopcock  Q  into  the  lower  coil,  and  there 

(Ez^^^-'B Qi         '*'  evaporates.    In  doing  so,  it  takes  heat 

"/v.  |t-r=^^r  1)  fnan  a  30  per  cent  solution  of  caldum  chlo- 
▼  ^^S^j  /)  ride  in  water.  This  cooled  brine  leaves  the 
tank  atD,  circulat«s  throi^  another  tank, 
in  which  water-filled  ice  molds  are  sus- 
pended, and  returns  to  C.  When  used  for 
cooling  storage-rooms  for  meat,  the  brine 
FiaTm  drculates  through  pipes  in  the  same  way. 

The  machine  is  constructed  of  iron,  because 
copper  and  brass  are  corroded  by  ammonia. 

Chemical  Properties, — Ammonia,  as  we  have  seen 
(p.  516),  is  not  ■tabls,  and  decomposes  almost  completely 
at  700°.  A  discba:^  of  sparks  from  an  induction  coil  ' 
(temperature  about  2000°)  has  the  same  effect,  so  that 
a  sample  of  the  gas,  confined  over  mercuiy  in  a  closed 
tube  (Elg.  121],  may  be  shown  to  double  in  volume. 
Every  two  molecules  pve  four: 

2NH,?=S3H,  +  N,. 

That,  even  at  this  t^nperature,  the  action,  beng  re~ 
verable,  is  still  incompleto,  can  be  shown  by  introduc- 
ing a  few  drops  of  dilute  sulphuric  acid.  The  trace  of 
ammonia  remaining  combines  with  this  acid,  forming 
(NH4)jS04  in  solution.  If  the  discharge  is  continued, 
further  traces  of  ammonia  are  formed  and  absorbed',  until,  finally, 
the  whole  gas  disappears.  The  action,  therefore,  first  goes  almost 
completely  in  one  direction,  and  then  quite  completely  in  the  other, 
while  no  change  has  taken  place  in  the  conditions  to  which  the  gaa 
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is  BubjpQted  at  the  point  where  the  interaction  is  occurring.  The  sole 
diEFe'ence  is  that  a  little  of  an  acid  has  been  introduced  into  a  rekr 
tively  remote  port  of  the  space. 

Ammooia  ndusM  many  oxides,  when  the  latter  are  heated  and 
the  gas  is  led  over  them: 

3CuO  +  2NH,  -*  3Cu  +  3H,0  +  N,. 

Ammonia  bums  in  pure  o^^gen  (not  in  air)  to  give  steam  and  nitrogen. 
In  air,  beat  is  used  up,  not  only  in  decomponDg  the  compound,  but 
also  in  raising  the  temperature  of  the  nitrogen  of  the  atmosphere. 
This  causes  a  continuous  drain  on  the  heat  given  out  by  the  action, 
and  prevents  the  maintenance  of  the  Idndting  conditions  (p.  95). 

ChlorliM  and  bromine  (vapor)  combine  with  the  hydrogen  and 
liberate  nitrogen: 

2NH,  +  3C1,  -^  N,  +  6HCI. 

When  mstals  capable  of  uniting  with  nitrogen  (p.  514)  are  heated 
in  a  stream  of  ammonia  gas,  hydrogen  is  displaced.  Mogneaum 
gives  magnefflum  nitride: 

2NH,  +  3Mg  -*■  MgiN.  +  3Ht. 

Sodium  and  potasnum,  however,  give  omldM  (compounds  con- 
taining the  group  NHi),  such  as  sodamide  NaNHi: 
2NH,  +  2Na -*  2NaNH,  +  H,. 

The  most  striking  property  of  ammonia  is  that  it  oombluM  with 
•eUa,  ^ving  anunonium  salts: 

NH.  (gas)  +  Ha  (gas)     -*NH4C1  (soUd). 
2NH,  (gas)  +  H^O*  (liq.)  -♦  (NB^SOi  (solid). 

It  oomUnM  also  with  wat«r  at  or  below  —79.3°  to  ^ve  ammonium 
hydroxide  as  a  white  solid: 

NH,  +  H,0  -» NH4OH. 

Knee  the  soUd  liquefies  above  —79.3°,  a  solution  of  the  substance, 
which  is  contained  in  the  aqueous  solution  of  ammonia,  is  the  only 
available  form  of  ammonium  hydroxide.  In  solution,  it  is  a  weak 
base.  Ammonium  oxide  (NH4)iO,  a  solid,  can  also  be  formed  below 
-78.6°. 

Ainm€mium  Compounds.  —  Since  NHi  plays  the  part  of  a 
metallic  element,  entering  into,  the  composition  of  a  base  and  of 
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a  series  of  salts,  it  is  named  unnumlom.  As  this  radical  forma  a 
univalent,  positive  ion  NH^"**  and  gives  a  distinctly  alkaline  base,  it 
is  claaaed  with  potassium  and  sodium  as  one  of  the  metallic  elements 
of  the  alkalies  iq-v.)'. 

-  Ammonium  Bydroxuie  NHtOH.  —  Although  much  less  com- 
pletely ionized  than  is  potassium  hydroxide,  ammonium  hydroxide 
affects  litmus  easily.  .In  a  normal  solution  0.4  per  cent  of  the 
ammonia  is  in  the  form  of  anmionium-ion  NH4+.  When  an  acid  is 
added  to  the  solution,  the  correspondingly  small  amount  of  hydrox- 
ide-ion which  exists  in  it  is  removed,  and  the  various  equilibria  are 
displaced  forwards.  The  final  result  is  the  same  as  with  any  other 
base: 

NH,  (ga8);=iNH,  (dslvd)  +  H^?±NH40Ht(NH4++OH-l      „  - 
HCrfc5Cl-  +  tf+     J*=^H,0- 

Only  a  small  proportion  of  the  gas  (one-tmra)  is  Actually  com- 
bined at  any  one  time,  the  greater  part  b^ng  simply  dissolved. 

The  solution  is  sold  as  hoiuetudd  ammoni*,  and  is  used,  in  wash- 
ing  and  cleaning,  to  soft^i  the  water. 

Salts  of  Ammonium,  —  When  strongly  heated,  all  ammonium 
salts  are  decomposed  and  many,  fnii  not  all,  give  ammonia  and  the 
acid.  When  the  latter  is  volatile,  the  whole  ma^rial  of  the  salt  is 
thus  converted  into  gas.  If  the  acid  is  volatile  without  permanent 
decomposition,  it  reunites  with  the  ammonia  to  form  the  solid  salt 
when  the  vapor  reaches  a  cool  part  of  the  tube  (sublimation,  p.  275): 
NH4CI  (sohd)  ^  NH,Cl  (gas)  ^  HCl  +  NH,. 

This  behavior  distinguishes  ammonium  salts  from  those  of  the  typical 
metals,  for,  with  the  exception  of  mercury  salts,  most  other  salts 
are  not  ea^ly  and  completely  volatilized.  The  use  of  anmionium 
chloride  (sal  ammoniac)  in  tolderlng  depends  on  the  dissociatitm  of 
the  salt,  by  the  heat  of  the  iron,  and  the  action  of  the  liberated  hydro- 
gen chloride  on  the  oxide  which  covers  the  surface  of  the  metal  to 
be  soldered. 

Some  ammonium  salts,  like  the  nitrite  (p.  514),  when  heated, 
give  no  ammonia  (see  also  nitrous  oxide  and  ammonium  dichromate). 
Conversely,  substancea  containing  proteins  (e.g.,  gelatin),  when- 
heated,  do  give  ammonia.  Hence,  liberation  of  ammonia  is  not 
proof  that  a  substance  is  a  salt  of  ammonium. 

Mz,,!:,.,  Google 
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The  tMt  for  ammonium  aalte  is  to  warm  them,  dry  or  in  soIutioD, 
with  a  base,  when  the  odor  of  ammonia  becomes  noticeabie: 

(NH.)^04 15  SOr  +  2NH4+ 1  . 

2K0H  fcf  2K+   +  20H-  J  ^  2NH4OH  p±  2H^  +  2NH,  T  - 

When  the  solution  is  used,  it  is  the  tendency  of  the  NBU+  and  0H~ 
to  unite  to  form  the  ^gbtly  ionized,  molecular  hydroxide  that  sets 
the  other  equilibria  in  motion.  The  principle  at  the  basis  of  the 
change  is  thus  the  same  as  in  neutr^ization  (p.  398). 

In  ammonia,  nitrogen  is  trivaleat,  while  in  the  salts  it  appears  to 
be  quinquivalent: 

H^  H^        H  H^        H 

H-N  H-N;  H-^Nf 

H^         H^     OH      w      a 

Htdbazinx,  Htdeazoic  Aca>,  HTDHoxriiAMDnj 

Hydrasnne  NtHt.  —  By  reduction  of  a  compound  of  nitric  oxide 
and  potassium  sulphite  by  means  of  sodium  amalgam,*  a  solution 
of  hydrazine  hydrate  is  obtained: 

K,S0,,2N0  +  3H,  -*  N,H^,H,0  +  K^SO*. 

The  same  substance  is  more  ea^ly  made  from  cert^n  organic  deriva- 
tives. When  the  hydrate  is  distilled  with  barium  oxide,  under 
reduced  pressure,  hydrazine  is  liberated: 

NA,H^  +  BaO-*NAT+  Ba(OH),. 

Hydrazine  is  a  white  solid,  which  fumes  in  moist  air,  ^ving  the 
hydrate  once  more.     It  melts  at  1.4°  and  boils  at  113.5°. 

Hydrazine  hydrate  NjHiOH  freezes  at  about  —40°,  boils  at 
118.5",  and  can  be  distilled  without  decompontion.  Its  aqueous 
solution  is  alkaline,  and  salts  are  formed  by  neutralization. 

Hydrasmc  Acid  HNi.  —  When  nitrous  oxide  (q.v.)  is  led  over 
sodamide  at  200°,  water  is  liberated  and  sodium  hydrazoate  remains 
behind: 

NHiNa  +  N,0  -*  NaN.  +  HjO. 


A  dilute  solution  of  the  free  acid  is  best  obtained  by  distilling  the  lead 
h  the  water,  giviiighyd] 

DolizodbyGoOgle 


•  The  sodium  diwolved  in  the  mercury  intwaots  with  the  water,  givniK  hydro- 
gen (Me  Active  state  of  hydrogen,  below). 
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Bait  with  dilute  sulphuric  acid.  A  similar  solution  may  be  made  more 
directly  by  adding  cold  nitrous  add  iq.v.)  to  a  cdd  aqueous  acdutioa 
of  hydrazine  hydrate: 

N&OH  +  HNO,  -» HNi  +  3HA 

By  repeated  distJllation  of  the  aolutioo  the  pure  acid  is  obtainable.  It 
boils  at  37".  The  operation  is  a  dangerous  one,  as  the  pure  acid  ia 
violently  explosive,  resolving  itself  into  nitrogen  and  hydrogen  with 
liberation  of  much  heat:  HNj,  Aq  ^  H  +  3N  +  Aq  +  61,600  cal. 
The  acid  has  an  odor  resembling  hydrochloric  acid,  and  the  sodium 
salt  has  a  taste  like  sodium  chloride.  The  silver  salt  is  insoluble  in 
water.  Thus  the  radical  Ng  confers  properties  similar  to  the  radical 
CI.  The  acid  has  a  somewhat  greater  activity  and  d^ree  of  ioniza- 
tion thfm  has  acetic  acid.  Active  metals,  like  magnesium,  dis^dace 
hydrogen  from  its  solution.  It  neutralizes  ammonium  hydroxide 
and  hydrazine  hydrate,  giving  two  salte,  NHiN'i  and  NiHtN*.  Theee 
constitute  two  additional  compounds  of  nitrogen  and  hydrogen,  but 
diEfer  from  ammonia  and  hydrazine  in  being  ionogens.  Lead  hydia- 
zoate  Pb(Ng)t  is  replacing  mercury  fuloiinate  in  the  manufacture  of 
percuasioD  caps. 

HydroxyJamine  NH^O.  —  Hn  displaces  bydrt^en  from  dilute 
hydrochloric  acid:  Sn  +  2HC1  — *  SnCU  +  Hi,  and  this  combination 
forma  a  reducing  agent  (see  below).  When  dilute  nitric  acid  {q.v.) 
is  added  to  the  mixture,  a  considerable  part  of  it  is  reduced  to  hjrdrox- 
ylamine: 

HNOj  +  3H,  -*  NH,0  +  2H,0.     ' 

The  hydroxylamine  forms  with  water  a  *eak  base,  NHiO.OH,  which 
interacts  with  the  excess  of  acid,  giving  hydroxylamine  hydrochloride 
NH4OCI.  By  more  complete  reduction  of  i)art  of  the  nitric  add, 
some  ammonium  chloride  NH4CI  is  formed  at  the  same  time.  To 
secure  the  salt  of  hydroxylamine,  the  tin  ions  are  removed  by  means 
of  hydrogen  sulphide,  which  predpitates  stannous  sulphide.  The 
filtered  solution  is  then  evaporated  to  dryness,  the  hydroxylamine 
hydrochloride  is  extracted  from  the  residue  with  absolute  alcohol, 
and  this  alcoholic  solution  is  finally  evaporated  in  turn.  The  hydro- 
chloride is  a  white  crystalline  salt. 

A  better  yield  (80  per  cent)  is  obtained  by  placing  50  per  cent 
sulphuric  acid  (or  25  per  cent  HCl)  in  an  electrolytic  cdl.  1^ 
n^ative  electrode  is  a  pool  of  mercury,  or  a  small  [nece  of  lead 
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amalgamated  with  mercury.  HydrogeD  is  liberated  on  the  suiface  ■ 
of  the  mercury,  which  acts  as  a  contact  agent,  and  nitric  acid  is 
allowed  to  flow  very  slowly  from  a  tube  on  to  the  surface  of  the 
mercury.  The  cell  is  kept  cool,  and  a  high  current  density,  by  usii^ 
a  small  mercury  surface,  is  required  for  a  good  yield.  The  equation 
is  the  same  as  that  ^ven  above. 

Anhydrous  hydroxylamine  is  beet  obtained  by  heating  the  ortho- 
phoephate  {NHiO)»P04  under  reduced  pressure: 

(NH^O^O.  -*  HJO,  +  3NH.0  t . 

It  is  a  white  solid  melting  at  33°  and  boiling  at  58°  at  22  mm,  pressure. 
Even  before  melting  (above  15°),  it  bepns  to  decompose,  and  explodes 
at  or  below  130°.  In  chemical  behavior  it  is  like  ammonia.  With 
water  it  forms  a  base  which  combines  with  acids,  but  ia  less  active 
than  anuuonium  hydroxide.  It  is  a  stronger  reducing  agent  than 
ammonia,  precipitating  silver  from  a  solution  of  silver  nitrate. 

The  union  with  acids  indicates  that  the  molecule  of  hydroxyl- 
amine  b  unsaturated,  and  hence  the  nitrogen  unit  is  supposed  to  be 
trivalent: 

H\  H\        K 

H-N  H-N( 

H-o/-         H-c     a 

Halogen  Compouitds  cf  Nitrogen.  —  When  ammoiuum  chlo- 
ride solution  is  treated  with  excess  of  chlorine,  drops  of  an  oily 
liquid,  nltrofen  trichloride  NCU,  are  formed : 

3CU  +  3H,0  Fi  3HC1  +  3H0C1  +  NH,a  -♦  NCI»  +  3H^  +  iSCl. 

It  is  extimnely  explo^ve,  resolving  itself  into  its  constituents  with 
liberation  of  much  heat. 

When  a  solution  of  iodine  in  potassium  iodide  solution  (p.  276) 
is  added  to  aqueous  anmionia,  a  brown  precipitate  is  formed.  The 
compo^tion  of  the  substance  depends  upon  the  temperature.  Thus, 
at  -60"  it  is  NI^l^NH,,  at  -40°  NIs,3NH8,  at  -35°  NI,,2NH„  and 
at  —25°  and  above  NIj.NHi.  The  first  three,  when  the  temperature 
rises,  lose  ammonia,  but  the  last,  commonly  named  nltroKon  iodide, 
explodes.  It  may  be  handled  while  wet,  but  when  dry  decomposes 
into'  its  constituents  with  violent  explosion  if  touched  with  a  feather. 
The  ammonia  it  contains  is  like  that  in  CaCli,SNHt  (p.  517),  and 
resembles  wat«r  of  hydration. 
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Exerciaea.  —  1.  When  moist  fur  is  used  as  a  source  of  nitrogen, 
what  advantage  is  there  in  using  copper  rather  than  the  less  expensive 
metal  iron,  for  removing  the  oxygen  (p.  514)? 

2.  How  many  grams  of  water  at  0°  could  be  frozen  (p.  144)  by  the 
removal  of  the  heat  required  to  evaporate  50  g.  of  hquid  ammonia 
(p.  517)7 

3.  How  many  grams  of  ammonia  are  contained  in  1 1.  of  "  concen- 
trated ammonia"  (p.  517)7  What  would  be  the  change  in  volume, 
if  this  were  made  by  mixing  liquid  ammonia  with  water? 

4.  What  are  the  ions  of  hydrazine  hydrate  (p.  521)?  Formulate 
(p.  387)  the  neutralization  of  this  base  with  sulphuric  acid. 

5.  What  is  the  object  attained  by  distilling  under  reduced  pressure 
in  making  hydrazine  {p.  521)  and  hydroxylamine  (p.  522)? 

6.  Classify  (p.  228)  theinteractionof  anitride  with  water  (p.  514), 
and  of  chlorine-water  and  ammonium  chloride  (p.  523),  and  the 
results  of  beating  ammonium  nitrite  (p.  514)  and  ammonium  chloride 
(p.  520). 

7.  What  substances  are  present  in  ammonium  hydroxide  solution? 
When  the  hquid  is  heated,  what  happens  to  each?    Formulate  the 
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CHAPTER  XXVI 
OXIDES  AND  OZTOEN  ACTDS  OF  HITBO«N 

The  names  and  formuls  of  the  oxides  and  oxygen  acids  of  nitrogen 
are  as  follows: 

Nitrous  oxide  NjO  < Hypcmltrous  acid  HjNjOj 

Nitric  oxide  NO 

Nitrous  anhydride  NjOa  < >      Nitrous  acid  HNOj 

Nitrogen  tetroxide  NjO*  and  NOj 

Nitric  anhydride  NjOs    < ^>     Nitric  acid  HNO». 

All  the  oxides  are  endothermal  compounds,  yet,  with  the  exceptions 
of  the  third  and  the  last,  they  are  all  relatively  stable.  The  acids, 
when  deprived  of  the  elements  of  water,  yield  the  oxides  opposite 
which  they  stand.  Conversely,  excepting  in  the  case  of  nitrous  oxide, 
the  anhyiMdes  with  water  give  the  acids.  All  of  these  substances  are 
obtained  directly  or  indirectly  from  nitric  add  —  nitric  anhydride  by 
removal  of  water,  the  others  by  reducticm.  We  turn,  therefore,  first, 
to  nitric  add,  its  sources  and  properties. 

Nrmic  Acm 

Sources.  —  Sodium  nitrate,  or  Chile  saltpeter  (caliehe),  is  found  . 
In  a  desert  region  near  the  boundary  of  Chile  and  Peru,  and  chiefly  in 
the  former  country.  The  depodt  is  about  5  feet  thick,  2  miles  wide, 
220  miles  in  lei^h,  ^id  contains  20  to  60  per  cent  of  the  salt.  Puri- 
fication is  effected  by  recrystallization.  Potassium  nitrate,  or  Bengal 
saltpeter,  is  found  in  the  soil  in  the  neighborhood  of  cities  in  India, 
Persia,  and  other  oriental  countries.  It  arises  from  the  oxidation  of 
animal  refuse  (,cf.  p.  517)  through  the  mediation  of  nitrifying  bacteria. 
The  potash  and  lime  in  the  soil,  along  with  the  product  of  oxidation  of 
the  nitn^en,  ff.ve  nitrates  of  [wtassium  and  calcium.  The  aqueous 
extract  of  this  soil  is  treated  with  wood  ashes,  which  contain  potash 
I^Oi.  It  is  poured  off  from  the  calcium  carbonate  thus  precipitated, 
and  is  finally  evaporated.  The  oi^anic  compounds  of  nitrogen 
originally  cont^ned  in  guano,  a  valuable  fertilizer,  are  frequently 
found  to  have  been  changed  into  nitrates  by  nitrifying  bacteria. 
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The  action  of  the  nitrifying  bacteria  may  be  inutatod  in  a  roueJi  way 
ILeot.  expj.  Air  ia  cauaed  to  paaa  slowly  through  concentrated  aqueous  am- 
monia, wbwdDy  it  becomefl  mixed  with  ammonia  gas.  This  mixture  is  led 
through  a  wide  tube  containing  platinized  aabeetoe  and  is  then  discharged  into 
a  large  flask.  When  the  aabeetoe  is  wormed,  it  begins  to  ^ow,  and  thereafter 
the  action  mainfainH  itaetf.  A  part  of  the  ammonia  ia  raidiaed  to  nitric  acid, 
which  oombinee  with  the  excess  of  ommtMua,  giving  anmionium  nitrate.  This 
salt  forms  a  cloud  of  solid  partioles  whidi  settle  in  the  flask.  This  process  ia 
used  on  a  commercial  scale. 

Mantrfacture, — Wbenauy  nitrate  is  treated  with  any  acid,  nitric 
acid  ia  formed  by  a  reversible  double  decompoution.  A^  sodium 
nitrate  is  the  cheapest  salt  of  nitric  acid,  it  is  always  employed.  For 
the  same  reason,  and  on  account  of  its  activity  and,  above  all,  because 
of  its  relfttiTe  involatility,  sulphuric  acid  is  used  to  displace  it: 

NaNO,  +  HtSO^fcT  NaHSO*  +  HNO,  T- 
The  nitric  acid  is  rather  volatile  (b.-p.  86°),  while  sulphuric  acid  (b.-p. 
330°)  is  much  less  so,  and  the  two  salts  are  not  volatile  at  all.  Thus 
the  interaction  proceeds  to  completion  very  easily  ((^.  p.  207,  see  also 
p.  559).  The  materials  are  heated  in  castr-iron  stills,  and  the  vapor 
is  condensed  in  glass  or  earthenware  pipes  surrounded  by  water.  In 
many  factories  a  reduced  pressure  is  muntuned  in  the  stills  and 
condensers,  in  order  that  the  distillation  may  take  place  at  the  lowest 
possible  temperature.  This  precaution  is  taken  to  reduce  to  a 
minimum  the  partial  decomposition  of  the  nitric  add  (see  below). 

Phyaictd  Propertiea.  —  Nitric  acid  ia  a  colorless,  mobile  liquid 
-{denaty  1.52)  boiling  at  86°,  and  freezing  to  a  solid  (m.-p.  —47°). 
It  fiunes  strongly  when  its  vapor  issues  into  moist  iur  (^.  p.  211). 
An  aqueous  solution  oontaining  68  per  cent  of  the  acid  boils  at  120.5°, 
while  the  pure  acid,  pure  water,  and  all  other  mixtures,  boil  at  lower 
temperatures,  and  have,  therefore,  higher  vapor  pressures.  On  this 
account  a  more  dilute  acid,  when  heated,  loses  water  until  it  reaches 
this  strength.  The  68  per  cent  nitric  acid  of  constant  boiling-point 
Cp.  211)  forma  the  "concentrated  nitric  acid"  of  conamerce  (density 
1.41). 

Chemical  Properties.  —  1.  like  chloric  acid  (p.  482),  and  other 
oxygen  acids  of  the  halogens,  nitric  acid  is  most  stable  when  mixed 
with  water.  The  pure  (100  per  cent)  acid  decomposet  while  bdng 
distilled: 

4HN0i  -♦  4N0,  +  2H,0  -|-  0*, 
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yet  Dot  with  explouve  violence  like  chloric  add.  The  distillate  is 
colored  browa  by  dissolved  nitrogen  tetroxide  NOi.  Repeated  dis- 
tillation finally  leaves  68  per  cent  of  the  acid,  mixed  with  32  per  cent 
of  water  formed  by  the  above  decomposition.  The  acid  of  constant 
boiling-point  is,  therefore,  reached,  as  usual,  from  more  coneentrated 
as  well  as  from  less  concentrated  specimens. 

"Fuming"  nitric  acid  is  brown  in  color,  and  contains  a  con- 
siderable amount  of  dissolved  nitrogen  tetroxide.  It  is  made  by 
distilling  the  acid  with  a  little  starch.  The  latter  reduces  a  part  of 
the  nitric  acid  and  liberates  more  of  the  tetroxide  than  does  mere 
distillation. 

2.  Nitric  acid,  when  dissolved  in  water,  is  highly  ionised,  and 
is  therefore  actlv*  as  an  Mid.  By  interaction  with  hydroxides  and 
oxides  it  forms  nitrates. 

3.  When  pure  nitric  acid  (b.-p.  86°)  is  poured  upon  phosphoric 
anhydride,  the  latter  combines  with  the  elemente  of  water,  awl  dis- 
tillation gives  nitric  anhydrfdo:  2HN0,  +  PjOi  -» N,0*  T  +  2HP0i. 
The  anltrdflde  is  a  white  solid  melting  at  30°  and  boiling  at  45°. 
It  umtes  vigorously  with  water  to  form  nitric  acid.  It  cannot  be 
kept,  as  it  decomposes  into  nitrogen  tetroxide  and  oxygen,  2KiOi  — » 
4N(^  +  Oj,  with  liberation  of  heat. 

4.  like  the  unstable  oxygen  acids  of  the  halogens,  nitric  acid  is  an 
oridiring  ac«nt  even  when  diluted  with  water.  The  multiplicity  of 
the  products  into  which  it  may  be  decomposed  by  reduction,  however, 
renders  separate  treatment  of  this  property  necessary  (see  p.  534). 

5.  Nitric  acid  interacts  energetically  with  many  compounds 
of  carbon  to  pve  nltro-deriTatlvB*.  Thus,  when  heated  with  phe- 
nol C»H»OH  (carbolic  acid)  it  pves  picrio  add  (trinitrophenol) 
C«Hi(NOj)iOH,  which  crystallizes  in  yellow  needles  in  the  mixture. 
This  is  a  yellow  dye,  used  also  as  an  explomve  (lyddite) :  , 

C,Hs(OH)  +  3H0N0,  -» C«H,(OH)(NOt),  +  3H,0. 

The  presence  of  water  decreases  the  activity  of  the  molecules.  Hence, 
in  this  sort  of  action,  which  is  not  ionic,  not  only  is  concentrated 
nitric  acid  employed,  but  concentrated  sulphuric  acid  is  added  to 
asedst  in  the  elimination  of  the  water  (c/*.  p.  438).  Nitric  acid,  heated 
with  toluene  C«H(CHg,  gives  trlnltrotoluens: 

CHiGiHt  -I-  3H0N0,  -» CH,C»Ht(NO,)»  +  3H,0. 

This  substance  (T.N.T.)  is  used  for  filling  "high  explosive"  shells, 
because  it  can  be  melted  (m.-p.  81.5")  and  poured  in,  mailing  the 
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filling  easy,  safe,  rapid,  and  complete.  It  is  not  easily  ex^oded  by 
ehocks  during  transportation,  but  it  explodes  instantaneously  and 
completely  with  a  detonator.  The  following  equatit^n  shows, 
roughly,  the  decomposition,  and  the  lai^  lUQOunt  of  carbon  set 
free  exfj^ns  the  black  smoke  produced : 

2CH,C.H,(N0,),  -►  5HaO  +  3N,  +  7C0  +  7C. 

It  will  be  seen  that  the  group  N0»  has  taken  the  place  of  hydro- 
gen, which  was  formerly  attached  directly  to  the  carbon  of  the  phenol 
or  toluene.     Compounds  of  this  kind  are  called  nitro-derivatives. 

6.  Organic  compounds  of  another  class,  the  alcohols  (g.v.), 
interact  with  molecular  nitric  acid  in  a  different  way.  The  latter  is 
mixed  with  sulphuric  acid  with  the  same  object  as  before.  Thus, 
when  glycerin  is  added  slowly  to  the  cooled  mixture,  glyceryl  nitrate 
(so-called  nitro-glTccriiiB,  see  below)  is  produced: 

CJIs(OH),  +  3H0N0,  -*  C  JIt(ONO,).  +  3H,0. 

Here  it  is  the  hydrogen  of  the  hydroxyl  groups  that  is  displaced  by 
NOt.  The  action  is  not  ionic,  and  the  product  is  not  an  ionogen. 
Oun-eotton  is  made  by  this  action,  cotton  (cellulose)  being  eibployed: 

(C^ioOi),  +  6H0N0,  -♦  CuHh04(0N0,),  +  6HiO. 

7.  Nitric  acid  produces  substances  of  bright-yellow  color,  known 
as  xuithoprotolo  acids,  when  it  comes  in  contact  with  proteins,  e,g., 
in  the  skin,  or  in  wool.  Hence  nitric  acid  stains  woolen  clothii^ 
yellow.     This  reaction  is  used  as  a  test  for  proteins. 

The  chemical  properties  of  nitric  acid  are  best  represented  by  the 
graphic  formula  (see  p.  540) : 

H-O-Nf 

8.  Nitron  (1,4-diphenyl-endamlino-dihydrotriazole)  doHuNt  gives 
a  fairly  insoluble  nitrate  CioHi(N4,HNOs,  when  nitron  acetate  is  added 
to  a  solution  containing  nitric  acid.  Nitric  acid  can  be  determined 
quantitatively  by  weighing  the  precipitate. 

Nitrates.  —  The  nitrates  of  the  metallic  elements  are  all  more  or 
less  easily  soluble  in  water.  When  heated  they  decompose  in  one  or 
other  of  three  ways  (sec  pp.  531,  537,  539).  Sodium  nitrate  is 
uMd  largely  as  a  fertilizer.  Much  is  employed  in  sulphuric  acid 
manufacture,  and  the  rest  for  conversion  into  potassium  nitrate  and 
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in  m&king  nitric  acid.  Potassium  nitrate  is  used,  along  mtb  sulphur 
and  ctiarcoal,  in  the  manufacture  of  gunpowder.  The  individual 
nitrates  are  described  under  the  metallic  elements  they  contun. 

Nmuc  Oxide  and  Nithoqbn  Tbthoxidh 

Preparation  qf  Nitric  Omde  NO.  —  Pure  nitric  oxide  is  ob- 
tained by  adding  nitric  acid  to  a  boiling  eolution  of  ferrous  sulphate 
in  dilute  sulphuric  acid,  or  of  ferrous  chloride  in  hydrochloric  acid: 

2FeSO«  +  HtSO«->Fe,(SO*).{+2H)    XS  (1) 

(3H)  +  HNO,  --*  NO  +  2HaO  X  2  (2) 

6FeS0«  +  3HjS0«  +  2HN0a  -» 3Fe,(SO0.  +  2N0  +  4HaO 

The  first  partial  equation  does  not  take  place  at  all  unless  an  oxidizing 
agent  like  nitric  acid  is  present  (p.  320).  The  multiplication  of  the 
two  partial  equations  by  3  and  2,  respectively,  is  required  in  order 
that  the  hydrogen,  which  is  not  a  product,  may  cancel  out.  This 
action  is  used  as  a  means  of  determining  the  quantity  of  nitric  acid  in 
a  solution,  or  of  nitrates  in  a  mixture,  by  measurement  of  the  volume 
of  nitric  oxide  evolved. 

Nitric  oxide  may  also  be  obtfuned  when  sufficiently  dilute  nitric 
acid  (denaty  1.2)  acts  upon  copper  (see  p.  535).*'^though  some 
nitrous  oxide  and  nitrc^en  are  formed,  this  interaction  furnishes 
a  more  convenient  method  of  generating  the  gas  in  the  laboratory 
(see  also  p.  532).  *^ 

ProperHes  of  Nitric  Oxide.  —  Nitric  oxide  is  a  colorless  gas. 
In  soUd  form  it  melts  at  —167"  and  the  liquid  boils  at  —153.6°. 
Its  solubility  in  water  is  slight.  The  density  of  the  gas  shows  the 
formula  to  be  NO;  and  there  is  no  tendency  to  form  a  polymer,  such 
as  NsOa,  even  at  low  temperatures. 

Nitric  oxide  is  the  most  stable  of  the  oxides  of  nitrogen.  Vig- 
orously burning  phosphorus  continues  to  bum  in  the  gas,  the  heat 
evolved  hberating  the  oxygen  required  for  the  continuation  of  the 
combustion.  Burning  sulphur  and  an  ignited  taper,  however, 
cannot  decc«npose  the  gas,  and  are  extinguished. 

Nitric  oxide  has  two  characteristic  properties.  It  unites  directly 
with  oxygen  in  the  cold  to  form  the  reddish-brown  nitrogen  tetroxide: 

2N0  +  0t^  2N0». 
This  can  be  used  aa  a  test  for  even  a  trace  of  free  oxygen,  mixed  with 
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Other  gaaes.    The  same  result  follows  when  it  is  led  into  waim  con- 
centrated nitric  acid:  NO  +  2HN0.  ^  3N0,  +  H,0. 

It  also  unites  with  a  number  of  salts,  the  compound 
in  the  case  of  ferrous  sulphate,  FeNO.SO*  (a  molecular 
compound,  see  below),  being  capable  of.  existence  in 
solution  and  possessing  a  brown  color.  The  NO  is 
part  of  the  poative  ion  FeNO++,  and  migrates  with 
it  (Mancbot). 

Since  ferrous  sulphate  will  first  reduce  nitric  add  to 

nitric  oxide  (p.  529),  and  the  excess  of  the  salt  will  then 

give  a  brown  color  with  the  products  a  delicate  teat  for 

nitric  acidjs  founded  upon  tbe^bove  action.    The  sub- 

B^alice  supposed  to  contain  a  mtirate  is  mixed  with  a 

strong  solution  of  ferrous  sulphate,  and  concentrated 

sulphuric  acid  is  poured  down  the  side  of  the  tube  so  as 

to  lie  below  the  lighten  mixture  (Fig.  122).    At.  the 

'^3        surface  of  contact  the  sulphuric  acid  liberates  the 

Fio.  132.       oitric  acid,  this  is  reduced  to  nitric  oxide,  the  molecular 

compound  is  formed,  and  a  brown  layer  is  ae^i.    Even 

when  the  amount  of  the  nitrate  is  very  small,  the  broWn  lint  is 

distinctly  visible,  by  contrast  with  the  colorless  liquids  above  and 

Jifolecular  Compmmda.  —  "Wa^  BUDStan«s  ^nned  by  union 
of  two  compounds  have  a  prevailii^  tendency  to  decompose  into  the 
same  two  materials,  and  exhibit  the  chemical  properties  of  their  con- 
stituents rather  than  individual  ones  of  their  own,  they  are  often 
called  molecular  oompoimda.  Thus  the  above  substance  FeNO,SO* 
gives  off  the  nitric  oxide  ^ain  when  warmed.  Similarly,  hydrates 
(pp.  150-154)  are  formed  by  union  of  salts  or  other  substances  with 
water,  and  are,  for  the  most  part,  decomposed  by  solution.  Double 
salts  (p.  402),  such  as  ferrouB-ammonium  sulphate  FeS0*,(NH4)»- 
S04,6H»0,  of  which  very  many  are  known,  are  of  the  same  character. 
They  are  stable  only  in  the  solid  form.  There  are  also  compounds  of 
salts  with  ammonia  (see  Copper  and  silver),  and  with  carbon  monoxide 
CO,  one  such  compound  being  formed  with  cuprous  chloride  {q.v.). 

The  name  moleadar  compouTids  is  derived  from  the  suppoation 
that,  in  these  compounds,  the  molecules  of  the  components  rettun 
their  integrity  to  some  extent  and  are  thus  ready  to  be  liberated. 
This  is  an  attempt  to  explain  the  fact  that  the  behavior  is  that  of  the 
constituents.    It  distinguishes  molecular  compouods  tvfsa  Eubstaooee 
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like  amniomuni  chloride  and  phosphorus  peotachloride.  The  former 
may  be  made  by  union  of  HCl  and  NH»,  but  usually  behaves  rather 
88  if  compoaed  of  NH*  and  CI.  The  latter  {g.v.)  dissociatee  into  PClj 
and  CUi  but  with  water  gives  phosphoric  acid  (cf.  p.  210),  which  is 
derivable  from  the  pentachloride  only.  The  distinction  is  of  ptactjcal 
rather  than  theoretical  importance,  however,  for  there  are  all  grada- 
tions in  the  behavior  of  molecular  compounds.  It  ia  useful  simply 
as  a  rough  means  of  clasmfying  and  remembering  certain  facts. 

Distinguishing  molecular  compounds  from  ordinary  compounds  is 
further  justified  by  the  fact  that  the  constituents  of  molecular  com- 
pounds often  seem  to  be  saturated  (p.  427),  and  no  ordinary  valennes 
are  available  for  holdii^  the  new  material.  Thus  in  Ca"Clt'  the 
ordinary  valences  are  all  saturated.  Yet  the  salt  forms  the  hydrate 
CaCli,6HiO  with  water  Hj'O",  which  is  Bkewiae  a  saturated  compound. 
The  conception  of  molecular  compounds  implies,  therefore,  the  idea 
of  a  sort  of  valence  of  moUcuUa.  Thus  FeSO«  forms  FeS04,7HiO 
and  FeSO*,(NH«)^04,6H,0,  and  FeSO*,K,S04,6H,0,  in  all  of  which 
seven  other  molecules  are  combined  with  it.  The  sulphates  of 
other  bivalent  metals  (g.v.),  such  as  copper  and  magnesium,  form 
molecular  compounds  of  the  same  nature.  Ammonium  chloride,  on 
the  other  hand,  is  not  a  molecular  compound,  because,  althoi^h  NHj 
onites  with  HCl,  HBr,  HI,  and  HF,  yet  nitn^n  is  quinquivalent, 
and  substances  like  NiO*,  NH4CI,  etc.,  may  fitly  be  re^^irded  as 
oidiniuy  compounds. 

Preparation  cf  Nitrogen  Tetroxide  NtOt  and  Nth-  —  This 
substance  is  liberated  by  heating  nitrates,  other  than  those  of  po- 
tassium, sodium,  or  ammonium,  such  as  the  nitrates  of  lead  and 
copper: 

2Cu(N0,)i  -*  2CuO  +  4N0,  -|-  O,. 

The  nitrates  of  metfds  above  mercury  in  the  E.  M.  series  (p.  404) 
leave  the  oxide.  The  nitrates  of  mercury  and  of  the  metals  below  it 
leave  the  metal.  When  the  mixed  gases  are  led  through  a  U-tube 
immersed  in  a  freezing  mixture,  the  tetroxide  condenses  as  a  pale- 
yellow  liquid  (b.-p.  22°,  m.-p.  —10.5°),  and  the  oxygen  passes  on. 

The  compound  may  also  be  made  by  direct  union  of  nitric  oxide 
and  oxygen,  or  by  oxidation  of  nitric  oxide  by  concentrated  nitric 
acid  (p.  530).  tt  is  likewise  almost  the  sole  product  of  the  inter- 
action of  amcentraied  nitric  acid  and  copper  (see  p.  535).  If  any 
nitric  oxide  were  produced  by  the  primary  action,  it  would  be  oxidized 
to  nitrogen  tetroxide  in  passing  up  through  the  concentrated  add. 
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Propertiea  ef  Nitrogen  Tetroxide.  —  The  most  striking  pecu- 
liarity of  this  gas  is  that,  when  hot,  it  is  deep  brown  in  color,  and 
when  cold,  pale  yellow.  The  density  of  the  gas  decreases  very 
rapidly  from  22°  to  140°,  and  incrcBses  again  aa  the  temperature  falls. 
The  molecular  weights  calculated  from  these  observations  are:  at 
22°,  90;  at  TO",  55.6;  at  135°,  46.3;  at  154°,  45.7.  Now  the  molecular 
weights  corresponding  to  the  formula  NiO*  and  NOi  are  92  and  46, 
respectively,  so  that  these  results  mean  that  the  deep-brown  gas  is 
N0%,  and  that  as  this  is  cooled  it  combines  to  form  the  colorless  N1O4. 
Measurement  of  the  depresmon  the  substance  causes  in  the  freezing- 
point  {cf.  p.  336)  of  glacial  acetic  acid  gives  the  molecular  weight  92, 
so  that  in  solution  and  at  the  temperature  of  freezing  acetic  add 
(below  17°)  the  substance  is  all  NjOi- 

When  the  temperature  is  carried  above  154°,  by  passing  the 
brown  gas  through  a  red-hot  tube,  the  brown  color  disappears  once 
more,  and  nitric  oxide  and  oxygen  are  formed.     On  cooling,  the  same 
steps  through  brown  ^is  to  pale-yellow  gas  are  retraced : 
2NO-|-0i«=t2NO,^N,O*. 

Colorieas  Brown         Coloriga 

Since  nitrogen  tetroxide  yields  free  oxygen  more  readily  than  does 
nitric  oxide,  phosphorus  bums  readily  in  it;  a  taper,  or  burning 
sulphur,  however,  is  extinguished.  It  has  powerful  oxidizing  proper- 
ties, and  "fuming  nitric  acid,"  which  contains  it  in  solution,  is 
employed  when  oxidation  is  the  special  object  in  view.  For  the 
same  reason,  the  gas  is  sometimes  used  in  bleaching  flour. 

This  oxide  is  intermediate  in  composition  between  nitrous  and 
nitric  anhydrides,  and,  when  dissolved  in  coM  water,  gives  both  nitric 
and  nitrous  acids:  N^O*  -|-  HiO  -*  HNO»  -|-  HNOj.  If  a  base  is 
present,  a  mixture  of  the  nitrate  and  nitrite  of  the  metal  is  produced 
{cf.  p.  474).  When  the  water  is  not  cooled,  the  nitrous  acid  (y.t.), 
being  unstable,  ^ves  nitric  oxide  and  nitric  acid,  so  that  the  result  is: 
3N0»  -I-  HsO  T±  2HN0,  +  NO. 

Nitric  Acid  from  Atmosphbhic  Nitrogen 
The   Reactions   InwAved,  —  Nitrogen   and   oxygen   have   no 
tendency  to  unite  at  room  temperature  to  form  nitric  oxide.     The 
union  is  endothermal,  and  is  therefore  favored  by  a  high  temper- 
ature (van't  Hoff's  law,  p.  305) : 

N, -H  O, -1- 43,200  cal.  ?:i  2N0. 
Even  at  1922°,  however,  u^ng  atmospheric  air,  only  1  per  cent 
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nitric  oxide  is  fonned,  and  at  2927°,  5  per  cent.  The  electric  dis- 
chai^  actually  used  gives  about  1  per  cent. 

The  mixture  ia  next  cooled,  to  permit  the  union  of  2N0  +  Oi 
?:t2N0i,  because  (p.  532)  nitrogen  tetroxide  ia  decomposed  at 
about  154°,  and  therefore  cannot  be  fonned  at  1900°. 

Next,  the  air  containing  NOt  is  passed  through  absorbing  towers, 
down  which  water  trickles,  and  nitric  acid  is  formed: 

3N0,  +  H,0  -*  2HN0i  +  NO. 

The  NO  liberated  combines  with  more  atmos-      "cSIUT'l 
pheric  oxygen  to  form   Nd,    which  interacts 
again  with  the  water,  and  practically  no  nitric 
oxide  ia  lost. 

Finally,  the  nitric  acid  is  [wured  upon  lime- 
stone CaCOi,  and  the  calcium  nitrate  formed  is 
sold,  for  use  as  a  fertilizer,  under  the  nune  air 
Mltpoter. 

The   Plant   used   in    the   Fixation.  —  At 

Notodden  and  elsewhere  in  Norway,  the  Birko- 
land-Brda  procoia  (Fig.  123)  is  used.  Hydro- 
electric power  is 
employed,  and  an 
arc  discbarge  be- 
tween two  rods  of 
carbon  is  spread, 
by  the  influence  of 
lar^  and  powerful 
electromagnets,  in- 
to a  circular  brush 
discharge  several 
feet  in  diameter. 
The  figure  is  a  cross 
section  of  the  space 
filled  by  the  dis- 
ViG.  123.  chai^,    the    small  ^^  ^^ 

circle  in  the  center 
bdng  a  section  of  one  carbon  rod.    Air  is  blown  through  the  flame 
in  such  a  way  that  none  can  avoid  passing  through  at  least  a  part  of 
the  heated  area.    The  yield  is  about  70  g.  of  nitric  acid  per  kilowatt- 
hour,  and  the  net  earnings  are  S3dO,000  (1911)- 
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The  Badiidw  proeou,  used  in  the  same  factories  in  Norway, 
empIoj'B  a  dischai^  through  a  tube  over  20  feet  long  (Fig.  124). 
The  stream  of  air  rotates  as  it  traverses  the  tube,  so  that  every  part 
is  exposed  to  the  discharge.  The  PauUnc  proeMt,  used  at  Gelsen- 
kirchen  in  Germany  and  Nitrolee,  South  Carolina,  usee  preheated 
air  and  a  different  arrangement  of  the  discharge. 

Other  reactions  involving  the  fixation  of  atmospheric  nitrogen 
are  discussed  under  cyanamide  {q.v.)  and  root  nodulea  (p.  515). 

QsiDiziKQ  AcnoNa  of  Nitric  Acn> 

When  nitric  acid  i^ves  up  oxygen  to  any  body,  it  is  itself  reduced. 
Hence,  according  to  convenieace,  we  shall  refer  to  oxidatjona  l^,  or 
reductions  of  nitric  add. 

Oxidation  of  Hydrogen,  —  The  metals  preceding  hydrogen  in 
the  electromotive  series  (p.  404)  displace  hydrogen  from  nitric 
acid,  as  they  do  from  other  acids.  With  metals  more  active  than 
zinc,  such  as  magneaum,  a  great  part  of  the  hydrogen  escapes  in 
the  free  condition.  But,  in  the  case  of  zinc  and  the  metals  below  it, 
most  or  all  of  the  hydn^n  is  oxidized  to  water  l^  the  nitric  acid, 
and  part  of  the  add  is  reduced  (see  Active  hydrt^n,  p.  543).  Thus, 
with  zinc  and  very  dilute  nitric  add,  almost  the  only  product,  aside 
from  zinc  nitrate,  is  ammonia: 

4Zn  +    8HN0,  -*  4Zn(N0,),  (+  8H)  (1) 

(8H)+     HNO, -*  NH,  +  3H,0  (2) 

NH,+     HNOi-^NHJSlQ, (3) 

4Zn  +  lOHNO,  -♦  4Zn(N0,),  +  NH4NO,  +  3H,0 
With  the  excess  of  nitric  add,  ammonium  nitrate  is  formed. 

Heavy  Metals.  —  The  less  active  metals,  such  as  copper  and 
ffllver,  do  not  displace  hydrc^en  from  dilute  adds  (p.  129),  but 
reduce  nitric  add,  neverthdess,  and  are  converted  into  nitrates. 
Platinum  and  gold  (cf.  p.  439)  alone  are  not  attacked.  Thus,  copper, 
with  somewhat  diliUed  nitric  acid  (density  1.2)  ^vea  cupric  nitrate 
and  nitric  oxide  NO. 

In  maUiic  the  equation  for  this  action  we  may  use  the  anhjiblda 
plan  (p.  496),  which  is  applicable  whenever  an  oxygen  add  gives 
an  oxide  by  reduction.  We  resolve  the  formula  of  nitric  add  into 
l^iose  of  water  and  the  anliTdiide  HtO.NaOt   (=■  2HN0b).     This 


OXlliES  AND  OXYGEN  ACIDS  OF  NITROGEN  535 

shows  thai  the  two  iaoleculee  of  the  acid  will  give  2N0,  and  30  will 
remain: 

2HN0,  (  =  H,0,N,0,)  -» H,0  +  2N0  (+30)  (1) 

(30)  +  6HN0,  +  3Cu  -*  3H,0  +  3Cu(N0,),  (2)  . 

^ .    8HN0,  +  3Cu  ^  4H,0  +  SN^W-  3Cu(N0,), 

The  nitric  oxide  is  liberated  as  a  colorless  gas,  but  forms  the  brown 
tetroxide  at  once  on  meeting  the  oxygen  of  the  air  (p.  529). 

When  mnntntrated  nitric  acid  is  used  with  copper,  almost  pure 
nitrogen  tetroxide  is  obtained: 

2HN0.  (  =  HANs0,)  -» H,0  +  2N0,  (+  O)  (1) 

Oj^^_^^  (O)  +  2HN0,  +  Cu  ->  H,0  +  Cu(NO«)t (2) 

— — '"  4HN0i  +  Cu  ->  2H»0  +  2N0».+  Cu(NO,), 

He  equations  for  actions  like  the  above  may  be  built  up  from  partial  equations 
ot  Tuious  kinds  (qf.  p.  269).  Thus  we  may  be^  by  forming  the  nitrate  of  the 
metal,  and  then  use  the  balance,  oondating  tA  hydrogen,  along  with  other  mole- 
culeB  of  nitric  acid  to  secure  the  oxide  and  wittier: 

Cu  +  2HN0,  -.  Cu{NO,),  (+  2H)  -« \  »Ht  \)l  ^■ 


^x(^m.^\>- 


(2H)  +  2HPJ0,  -*  2H«0  +  2N0, 
Cu  +  4HN0,  -•  Cu{NO,),  +  2Hrf)  +  2N0, 

As  the  subdivision  U  purely  arithmetiaal  (p.  270),  this  procedure  doe^  not  involve 
the  asBumption  that  copper  does  actually  displace  hydrogen  as  a  free  element. 
Yet  it  would  not  Decessarily  be  incorrect  to  make  even  this  supposition.  Although 
unable  to  liberate  hydrogen  in  quantity  from  a  dilute  acid,  copper  must  be  held 
todisplaceaminuteamomt  of  it: 

Cu  +  2HNO,fclCu(NO.),  +  H,,      or      Cu  +  2H+fcFCu+++ H^ 

and  to  be  restrained  by  the  much  more  vigorous  reverse  acticm  (p.  404)  from  con- 
tinuing this  operatimt.  In  this  point  of  view  the  oxidation  of  the  trace  of  free 
hydrogen  by  tiie  excess  of  nitric  acid  continuously  annihilates  the  posmbility  of 
/everae  action. 

Complexities  of  Oxidation  by  Nitric  Acid,  —  The  above  are 
types  of  the  interactions  of  DutalB  with  nitric  acid.  In  actual  experi- 
ments the  behavior  is  usually  more  complex.  Thus,  as  a  rule,  the 
action  is  very  slow  at  first,  and  gathers  speed  with  the  accumulation 
of  the  reduction  products,  which  act  catalytically. 

Agun,  different  concentrations  of  nitric  acid  give  different  prod- 
ucts with  the  same  metal.  The  reader  should  note  the  constant 
[Hwluction ,  of  nitric  inlda  with  diluted  add,  and  the  invariable 
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formatioD  of  njtrwpm  tj^wwi.!..  wtth  e(mcmtr>*j»T  "1.1  This  18  ex- 
plained by  tbe  fact  that  nitrogen  tetroxide  cannot  pass  unchanged 
through  a  liquid  containing  much  water,  for  it  gives  nitric  acid  and 
nitric  oxide  with  the  latter  (p.  532).  Ck)nverBely,  where  the  nitric 
acid  is  concentrated,  nitric  oxide,  even  if  formed  by  the  interaction 
with  the  metal,  must  be  oxidized  to  nitrogen  tetroidde  as  it  passes  up 
through  the  liquid  (p.  530).  Note,  also,  that  ^e  luttate  of  the 
metal  is  formed,  if  the  nitrate  is  stable,  not  the  oxide. 

Unally,  intermediate  concentrations  give  mixtures  of  these  two 
oxides,  and,  with  zinc,  even  nitrous  oxide  NtO  and  nitrogen  may  be 
found  in  conMderable  quantities  in  the  gases  evolved. 

Oxidation  ef  NorfMetala,  —  With  non-metals  the  actions  are 
different,  in  so  far  that  these  elements  form  no  nitrates.  Thus, 
sulphur  boiled  in  nitric  acid  gives  sulphuric  acid,  aloi^  with  nitric 
oxide,  equation  (3),  or  with  nitrogen  tetroxide,  equation  (6),  or  with 
both,  according  to  the  concentration  of  the  acid  (see  above) : 

2HN0,  (  =  H,0,N,Os)  -*  2N0  +  H,0  (+  30)  (I) 

■  (30)-|-HaO  +  S-^H^O, (2) 

\-]  2HN0,  +  S -» 2N0  +  HiSO*  (3) 

2HN0,  ( = H,0,N,0,)  ->  2N0,  +  HjO  +  0     X  3  (4) 

(30)  +  H,0  +  3-»H,SO« (5) 

C^  6HN0,  +  S  -»  6N0i  +  2H,0  +  H^O*  (6) 

The  reader  will  note  (i^.  p.  483)  that  a  Beparate  equation,  (3)  and  (6), 
must  be  made  for  the  formation  of  each  reduction  product.  If  NO 
and  NOj  are  both  formed,  they  cannot  arise  from  the  same  molecule 
of  nitric  acid.  They  result  from  two  actions  which  are  independent, 
although  proceeding  concurrently  in  the  same  vessel  (</.  p.  483). 
Thus  the  equation:  2HN0!  +  C  -»  HtO  +  COj  +  NO  +  NOj,  is 
a  misrepresentation.  It  implies  that  equimolar  quantities  of  the 
two  oxides  of  nitrogen  are  formed.  -  But  this  oould  occur  only  by 
chance,  and  the  balance  would  be  destroyed  the  next  moment  by  the 
lowering  in  the  concentration  of  the  acid,  giving  tbe  advantage  to  the 
nitric  oxide. 

Oxidation  (^  Compounds:  Aqua  Regia,  —  Compounds  like 
bydrt^en  sulphide,  hydrogen  iodide,  and  sulphurous  acid,  which 
are  eanly  oxidized,  interact  with  nitric  add.    With  diluted  nitrie 
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tfad  the  producta  are  free  sulphur,  iodine,  and  Bulphuric  acid,  re- 
apeetively. 

The  mixture  of  nitric  add  aad  hydrochloric  acid  is  known  as 
dfua  regia.  Chlorine  is  set  free  by  the  oxidation  of  the  hydro- 
chloric acid, 

O 


a-IH  +  H-  0-iN:=  0  +  2HjCl-»2H/)  +  Clj  +  a-NO, 


and  nitrosyl  chloride  NOCl  is  also  formed.  The  liquid  thus  cod- 
t^ns  several  oxidlEing  agents,  nitric  acid,  hypochlorous  acid  (from 
CU  +  HiO),  and  some  nitrous  acid.  It  is  frequently  used  in  analyms, 
for  example  4o  oxidize  sulphur  (say,  in  cast  iron  or  in  minerals), 
the  sulphuric  acid  formed  being  estimated  by  precipitation  and 
weighing  of  barium  sulphate  (p.  440). 

Aqua  regia  (Lat.,  royal  water)  received  its  name  because  it  con- 
verted the  "noble"  metals,  gold  and  platinum,  into  soluble  com- 
pounds. This  it  does  because  the  free  chlorine,  in  presence  of  hydro- 
chloric acid  combines  to  form  the  exceedingly  stable  complex  icns 
(g.n.)  AuCU"  (see  chlorauric  acid  HAuCU)  and  PtCl«-,  the  negative 
ion  of  chloroplatinic  acid:  2HCI  +  2Cli  +  Pt^HJ'tCI».  Since  the 
chloride-ion,  rather  than  the  free  chlorine,  is  concerned,  the  following 
equations  show  the  action  more  exactly : 

4H-^      H-NOi"  i=t  NO  +  2H,0  +  3®  X  4  (I) 

Pt         +  4©  74  Pf*-^  X  3  (2) 

Pt+^^-H  6Cl-t?PtCl«= ><_3_  (3) 

16H+  +  4N0»'-|-  3Pt  +18Cl-fi8H,0  +  4N0  +  3PtCl.= 

Mercuric  sulphide  HgS  is  attacked  because  mercuric  chloride  is  a 
very  slightly  ionized  substance,  particularly  in  presence  of  hydro- 
chloric acid,  with  which  it  combines. 

The  idea  that  a  nascent  form  of  chlorine  exists  here  is  even  more 
superfluous  than  is  the  similar  assumption  about  oxygen. 

NiTEODS  Acid,  HTPONiTBOira  Acid,  and  treir  ANHTDRiDEa 

JVitritea  anif  Mtrous  Acid.  —  When  the  nitrates  of  potassium 
and  sodium  are  heated,  they  lose  one  unit  of  oxygen,  and  the  nitrites 
remain: 

2NaN0»  ->  2Na^5iet4:iJfr 
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Commoply  lead  is  stirred  with  the  melted  nitrate  and  aesistB  in  the 
removal  of  the  oxygen.  The  litharge  PbO  which  is  formed  remains 
as  a  residue  when  the  sodium  nitrite  is  dissolved  for  recryatallizatJon. 
When  an  acid  is  added  to  a  dUuie  solution  of  a  nitrite,  a  pale-blue 
solution  contwning  nltroui  add  HNOi  is  obtained.  The  add  is  very 
unstable,  however,  and,  when  the  solution  is  warmed,  it  decompoees: 

3HN0,  -»  HNO,  +  2N0  +  H,0. 
When  a  ixmcenirated  solution  of  sodium  nitrite  is  acidified,  the  nitrous 
add  decomposes  at  once,  and  a  brown  gas  containii^  the  anhydride 


2H+  +  2N0a- 1*  2HN0»  t?  H:,0  +  N,Oi  T. 
This  behavior  distinguishes  a  nitrite  from  a  nitrate. 

Reducing  agents  deprive  nitrous  add  of  part  or  all  of  its  oxygen: 
2H1  +  2HN0,  (or  H,0,N,0,)  -*  2H,0  +  2n6  +  I> 
Indigo  is  also  converted  by  it  into  iaatin  (<^.  p.  476).     On  tbe  other 
hand,  oxidizing  agents  which  are  suffidently  active,  like  addified 
potassium  peraianganate,  convert  nitrous  add  into  nitric  add: 

3H^0,  +  2KMnO«-»  KtS04  +  2MnS04  +  3H.0  (+  50)  (1) 

(50)  +  5HNO,-*5HNO, (2), 

SHtSO, + 2KMnO4+5HNOr-»K^04+ 2MnSOi+3HjO-f-5HNOi 
Nitrous  acid  is  much  used  in  tbe  making  of  oi^aolc  dyes. 

Nitrmi3  Anhydride  iVjO,.  —  A  study  of  the  dendty  of  the  gas 
aridng  from  the  decomposition  of  nitrous  add  shows  that,  in  the 
gaseous  state,  the  anhydride  is  almost  entirely  dissodated: 

N,0,i=iNO  +  NO,. 
When  the  mixture  is  led  through  a  U-tube  immersed  in  a  froerang 
mixture  at  —21",  a  deep-blue  liquid  is  obtained  which  appears  to  be 
the  anhydride  itself.    This  bepns  to  dissociate  before  reaching  its 
boiling-point,  and  at  +2°  gives  off  nitric  oxide. 

The  same  equimolar  mixture  of  the  two  gases  is  obtained  by  the 
action  of  water  on  mtrosybulphuric  add-(p.  433). 

Byponitrous  Add  HiNtOt.  —  This  add  is  formed  by  the  in- 
teraction of  hydroxylamine  and  nitrous  add  in  aqueous  solution : 

H-0-n!h,  +  0|N-0-H-»HiiO  +  H-0-N  =  N-0-H. 
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With  nitrate  of  silver,  the  yellow,  insoluble  silver  hyponitrite  AgjNjOs 
is  precipitated.  When  this  salt  is  shaken  with  an  ethereal  solution  of 
hydrogen  chloride,  the  acid  is  liberated,  and  the  insoluble  silver 
chloride  may  be  separated  by  filtration.  Finally,  evaporation  of  the 
ethereal  solution  leaves  byponitrous  acid  as  a  white  solid.  It  explodes 
when  heated,  and  its  solution  in  water  is  an  exceedin^y  feeble  acid. 
The  warm  aqueous  solution  decomposes  slowly ,'giving  nitrous  oxide: 

HsNsOs  -»  HsO  +  N,0, 

and  this  change  is  not  capable  of  reversal. 

Nitrous  Oxide  /VjO.  —  Nitrous  oxide  is  prepared  by  cautiously 
heating  ammonium  nitrate  (the  decomposition  is  exothermal),  or  a 
mixture  of  a  salt  of  ammonium  and  a  nitrate: 
NH4N0.-»2H,O  +  N,0. 

The  steam  condenses,  and  the  nitrous  oxide  may  be  collected  over 
warm  water,  or  dried  and  compressed  into  steel  cylinders. 

Its  solubility  in  cold  water  is  considerable:  at  0",  130  volumes  in 
100;  at  25^,  60  in  100.  In  dissolving,  the  gas  forms  no  compound 
with  water.  The  gubatanco  meltftat  —102.3°,  and  boib  at  —89.8°; 
The  rapor  tension  of  the  liquid  at  0'  is  30.75  atmospheres;  at  12°, 
41.2  atmospheres;  and  at  20°,  49.4  atmospheres.  The  critical 
temperature  is  38,8°. 

A  glowing  splinter  of  wood  bursts  into  flame  in  nitrous  oxide, 
and  phosphorus,  sulphur,  and  other  combustibles,  bum  in  it  with 
much  the  same  vigor  as  in  oxygen.  In  all  cases  oxides  are  formed, 
and  nitrogen  b  set  free.  It  does  not  interact  with  nitric  oxide, 
however,  as  does  oxygen  (p.  529),  The  rapidity  with  which  bodies 
combine  with  oxygen  obtained  from  nitrous  oxide  is  doubtless  due  to 
the  fact  that  it  is  an  endotbermal  compound,  and  the  heat  liberated 
by  its  decompodtion  assists  the  ensuing  combustion: 

2NjO  ^  2N2  +  Oj  +  2  X  18,000  cal. 

It  is  to  be  noted  that  the  effect  of  the  heat  of  decompodtion  will  be 
partly  offset  by  the  dilution  of  the  oxygen  with  nitrogeD.  Yet  the 
proportion  of  nitn^en  to  oxygen  is  only  half  as  great  as  in  air,  so 
that  on  the  whole  the  conditions  are  much  more  favorable  to  combus- 
tion in  this  gas. 

Nitrous  oxide,  when  cold,  does  not  behave  Uke  free  oxygen. 
Metals  do  not  rust  in  it,  and  the  luemoglobm  of  the  blood  is  unable 
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to  use  it  as  a  source  of  oxygen.  It  was  Davy  who  first  observed  that 
oitrous  oxide  could  be  taken  into  the  lungs,  and  that,  since  it  f  umiahed 
no  oxygen,  insensibihty  followedits  use.  By  suitable  admixture  of 
an  amount  of  air  sufficient  to  sustain  life,  it  is  employed  as  an  bjiss- 
thetic  for  minor  operations.  The  hysterical  symptoms  which 
accompany  its  use  caused  it  to  receive  the  name  of  "laughii^  gas." 

Graphic  Formube''of  Nitric  Acid  and  its  Derivativea:  Ex- 
ploaivea.  —  The  following  equation  shows  the  graphic  formulae  of 
nitric  acid  and  of  ammonium  nitrate; 

J:>N-OH    +    H-O-Nj       ^    2>N-0-Nj       +    Hrf) 

The  structural  formula  of  the  latter  is  intended  to  explun  th6  fact 
that  the  salt  is  able  to  exist  at  all,  by  representing  the  oxygen  and 
hydrogen  as  being  separated  from  one  another  and  attached  to  differ- 
ent nitrogen  units.  When  the  equilibrium  of  the  system  ia  disturbed 
by  heating,  the  oxygen  and  hydrogen  unite  to  form  water,  an  arrange- 
ment which  is  much  more  stable,  and  nitrous  oxide  (p.  539)  escapes 
with  the  steam. 

The  behavior  of  nitroglycerine  and  gimcotton  (p.  528),  as  well 
as  of  ammonium  nitrite  (p.  514),  is  explained  in  the  same  way.  These 
substances  are  made  by  actions  which,  like  the  above  neutralizatioo, 
take  place  in  the  cold,  and  the  groups,  containing  the  oxygen  on 
the  one  hand  and  carbon  and  hydrogen  on  the  other,  become  quietly- 
united  without  more  serious,  interaction.  Thus  the  formation  of 
nitroglycerine  (p.  528)  appears  as  follows: 

H  H 

I  I 

H-C-OH  HO -NO,            H-rC-0-NO, 

I  I 
H-C-OH+HO-NO,     -f     H-C-0-N0,   +    3H,0 

I  I 

H-C-OH  HO -NO,            H-C-O-NO, 


-^  When  the  nitroglycerine  is  heated,  or  recaves  a  mechanical  shock, 
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the  oxygeD  all  unites  with  the  carbon  and  hydn^en,  and  the  nitn^o 
escapes: 

4Caii(ONO0i  -*  12C0,  +  lOHjO  +  6N,  +  Oj. 

That  nitroglyceriDe  is  a  more  seositiTe  explo^ve  than  gunpowder 
is  due  to  the  fact  that,  in  the  former,  the  materials  required  for  the 
chemical  change  are  already  within  the  same  molecule,  whereas  in 
the  latter  iq.v.)  they  are  contained  in  the  separate  molecules  of  a  mix- 
ture. Even  after  the  most  careful  incorporation,  the  axygsa  of  the 
potas»um  nitrate  can  hardly  be  uniformly  so  near  to  the  carbon, 
mechanically  mixed  with  the  salt,  as  are  these  elements  in  nitro- 
glycerine or  guncotton.  In  the  latter  the  oxidaUon  of  the  hydrogen 
and  carbon  is  intramolecular. 

Substances  like  hydrazoic  acid  (p.  521)  and  nitrogen  iodide  (p.  523) 
might  seem  to  constitute  a  third  kind  of  explosive.  Here  the  change 
conasts  in  the  resolution  of  the  compoimd  into  its  constituents.  Still, 
if  we  consider  the  case  of  hydrazoic  scid,  for  example:  2NiH  — *  3Nj 
+  Hi,  we  see  that  the  action  consists,  after  all,  in  the  union  of  the  con- 
stituents to  form  the  more  stable  combinations  Ni  and  Hi.  It  is, 
therefore,  similar  in  principle  to  the  explodon  of  nitroglycerine. 

SmokeleBB  Poivder  and  Dynamite.  —  Dried  guncotton  (p. 
528)  simply  bums  briskly  (deflagrates)  when  set  on  fire.  Whether 
wet  or  diy,  it  explodes,  but  only  from  a  suitable  shock,  such  as 
that  produced  by  fulminate  of  mercury  Hg(ONC)i,  used  in  per- 
cusmon  cape.  In  pure  form  it  is  used  odly  in  .torpedoes  or  sub- 
marine mines.  like  nitroglycerine  {p.  541),  it  explodes  too  rapidly, 
and  would  burst  the  gun,  or  pulverize  the  ore  or  coal  if  used  for 
blasting.  Neither  of  these  substances  "explodes  downwards  only." 
The  explosion  strikes  the  air  with  equal  violence,  but  the  effect  on 
the  air  escapes  notice  because  it  is  not  permanent,  while  the  shatterii^ 
of  a  rock  or  plate  of  steel  remains. 

Cordita,  one  variety  of  smokeless  powder,  is  made  by  dissolvii^ 
guncotton  (65  parts),  nitroglycerine  (30  parts),  and  vaseline  (5 
parts)  in  acetone.  The  resulting  paste  is  rolled  out  and  cut  into 
small  pieces.  When  the  acetone  evaporates,  the  homy  cordite 
remains.  These  explosives  are  smokeless  because,  unlike  gun- 
powder and  T.N.T.,  they  yield  no  solids  when  they  decompose 
(see  equations). 

Various  forms  of  dynamite  are  made  like  cordite,  excepting  that 
sodivm  or  ammonium  nitrate  and  sawdust  or  flour  are  added,  so 

-■    C.ooylc 
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that  the  rate  of  esqilodoa  may  be  regulated  and  the  coal  or  ore  may 
be  split  up,  but  not  shattered  or  pulverized. 

Plasties.  —  A  gUQCOtton,  less  completely  "nitrated"  by  nitric 
acid,  when  worked  between  rollers  with  camphor  and  a  little  alcohol, 
l^ves  a  viscous  solution  (Parkes,  before  1855).  When  the  alcohol 
evaporates,  transparent,  colorless  mIIuIoU  (first  made  by  Hyatt) 
remains.  The  moist  dough  is  rolled  into  sheets  to  make  photo- 
graphic films.  By  adding  dyes  tmd  "fillers,"  and  moldii^  tiie 
dough,  black  combs,  brush  handles,  white  knife  handles,  etc.,  can  be 
manufactured. 

Collodion  is  a  solution  of  the  same  guncotton  in  a  mixture  of 
alcohol  and  ether.  When  collodion  is  forced  through  minute  holes 
in  a  steel  dye,  the  threads  dry  as  they  come  out  and  can  be  wound 
on  spools.  Treatment  with  an  alkali  "denitratea"  the  threads, 
restoring  the  composition  to  that  of  the  ori^nal  cotton.  The  prod- 
uct, one  of  the  forms  of  artffldal  iQk,  is  at  least  aa  brilliant  as  the 
real  article  (a  protein,  not  related  chemically  to  cotton),  and  sua- 
cep^ble  of  b^g  dyed  to  uiy  de^red  tint. 


/\  Balancing  Equattona.  —  The  reader  should  practice  the  bal- 
ancing of  the  equations  for  oxidations  occurring  in  this  chapter, 
using  all  the  methods.  In  the  text,  we  have  used  the  anhydride 
plan  (p.  535)  and  that  of  partial  equations  (p.  538).  To  illustrate 
the  other  two  plane,  take,  for  example,  the  action  of  concentrated 
nitric  acid  on  copper  (p.  535). 

PosltiT*  and  n^atlTs  ralme*  metbod  (p.  493).  Write  the  skeleton 
equation : 

Skekim:        HNO,  +  Cu  -» H^  +  NOi  +  C«{NO,)». 

We  perceive  that  on  the  left  the  valence  of  0»  is  —6  and  of  H  is 
+ 1 :  that  of  N  is  therefore  +5.  That  of  Cu  is  zero.  On  the  right, 
the  valence  of  N  ia  +4  and  of  Cu  +2.  Evidently,  2N  changng 
from  2X+5  to  2X+4  will  furnish  +2  for  the  copper.  We  note 
also  that  2N0,  is  required,  without  change,  for  Cu(NOj)t.  Henoe, 
^together  4HN0,  is  needed  on  the  left,  and  gives  2N0»: 

Balanced:    4HN0,  +  Cu -» 2H,0  +  2N0,  +  Cu(NO,).. 

Podtiv*  •iMtartoal  cibtav  pUta  (p.  496).  In  the  skeleton  equatitm 
(above)  we  first  separate  the  oxidizing  ions  and  their  products  from 
the  oxidized  substance  and  the  chaise  it  undei^oes: 

OOglf 
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N0,-  +  2H+-»N0,''  +  H,0+ ffi    Xi 

Cu'  +  ae^Cu-^ 

Cu"  +  2N0,-  +  4H+  -» 2K0,'  +  2H,0  +  Cu++ 

Tbe  first  partial  equation  produces  ®,  while  the  second  requires 
2®,  and  hence  the  fonner  is  multJphed  by  2  before  the  addition 
takes  place.  Since  NOi"  is  the  only  add  radical  present,  it  is  under- 
stood that  cupric  nitrate  is  the  salt  formed. 

AcUve  ("  Nascent  ")  Hydrogen.  —  When  hydrogen  gas  is  led 
through  cold  nitric  acid,  little  or  no  action  occurs.  But  (p.  534) 
when  rinc,  which  interacts  with  acids  to  give  hydrogen,  is,  placed 
in  nitric  acid  the  latter  is  reduced.  To  explain  the  apparently  greater 
activity  of  the  hydrogen  in  the  second  instance,  we  note  the  fact 
that  it  is  liberated  on  1A«  surface  of  ihe  zinc.  The  contact  (catalytic) 
effect  of  the  zinc  increases  ite  activity.  Many  metals  have,  in  a 
greater  or  less  d^ree,  this  power  of  increasing  the  activity  of  hydro- 
gen. Tlus,  bydn^en  absorbed  in  platinum  or  palladium  (p.  124), 
or  liberated  by  electrolysis  on  poles  made  of  these  metals,  reduces 
nitric  add  readily.  Other  elements,  such  as  the  oxygen  in  maiii^; 
sulphur  trioxide  (p.  428),  are  also  rendered  more  active  by  contact 
agents  like  platinum. 

This  mor*  MtLva  state  of  hydrogen  is  described  as  the  nMoant 
state,  because  it  happens  to  be  a  common  condition  of  hydrogen 
when  associated  with  substances  which  produce  it.  The  active 
state  has,  however,  no  necessary  connection  with  such  an  immediately 
preceding  act  of  liberation,  as  the  platinum  and  sulphur  trioxide 
illustrations,  and  the  following  experiment  [Lect.  exp.]  show:  Three 
test-tubes  are  filled  with  very  dilute  potassium  permanganate  solu- 
tion. Zinc  dust,  added  to  one,  generates  hydrogen  and  causes 
decolorisation.  A  little  platinum  black  is  added  to  the  second,  and 
hydrogen  gas  is  led  through  this  and  the  third.  The  contact  action 
of  the  platinum  enables  the  hydrogen  quickly  to  reduce  the  per- 
manganate, while  the  third  portion  remains  unaltered. 

The  term  nascect  hydrogen  is  used  in  different  aenaea,  in  a  very  oMifugng 
way-  (1)  It  may  mean  nascent,  literally,  that  is,  nenly  bom  or  liberated.  (2) 
It  ia  used  also  to  mean  diSerent-from-ordinuy,  or,  in  faot,  an  allotropic  fonn  of 
hydrogm,  (3)  It  is  often  limited  to  mean  aaa  particular  allotrope,  namely, 
atomic  hydrogen.  (4)  It  is  used  by  Haber  and  othera,  as  we  have  used  it  above,  to 
meui  hydrogen  aetivated  by  oraitact  with  a  metal.  (5)  Finally,  its  activity  is 
taplained  as  btfing  due  to  the  laiger  amount  of  free  energy  oontaiaed  in  aino  plus 
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add  plus  reducing  ageat,  bb  oompared  with,  the  free  raierg^  oontBined  in  frm 
hydrogen  plua  reducing  agent.  The  laat  ia  identic^  with  the  explanation  of  th« 
activity  of  oxjdiiing  agenta  (p.  479).  The  word  nascKit  is,  of  Douise,  a  misnomer, 
excepting  in  connection  with  (1). 

The  following  statementa  will  enable  ua  to  detfiinine  which  ol  theae  fim 
oonceptions  are  moat  in  accord  with  experimental  facte.  This  form  of  hydrogen 
has  never  been  observed  or  isolated  as  a  Hubetance  (agunst  1,  2,  3).  If  it  is  an 
allotropic  form  (2,  3),  its  d^ree  of  activity  can  be  defined  quantitatively.  In 
point  of  fact,  however,  concentrated  sulphuric  add  gives,  with  copper,  sulphur 
dioxide  (p.  425),  and  with  zinc,  hydrogen  sulphide  (p.  119),  so  that  tite  bydxogen 
(if  t(  is  the  active  agent)  ia  much  more  active  in  the  second  case.  Agun,  in  deo- 
trolyiing  a  dilute  add,  the  disacdved  atmospheric  oitygen  ia  reduced  to  hydrogen 
peroxide,  provided  the  electrode  is  made  of  platinum  (p.  317),  but  not  if  it  is  made 
of  carbon.  We  saw  also  that  hydw^en  liberated  by  electrolysis  on  a  surface  of 
mercury  gives  a  better  yield  of  hydioxylamine  (p.  £22),  than  will  any  other 
metaUic  electrode.  Yet  the  hydrogen  must  be  the  same  in  all  cases  (against  1, 
2,  3;  favors  4).  Again,  hydrochloric  acid  and  some  nitric  add,  with  sine,  g^ve 
ammonia  (p.  534),  with  magnesium  no  ammonia,  with  tin  ammonia  and  hydroxyU 
amine  (p.  522).  Here  again  the  hydrogen  is  the  same,  but  the  metallic  contact 
agent  is  different,  and  the  tree  energy  <A  the  add  with  each  metal  ia  different 
(against  1,  2,  3;  favors  4  and  5).  Some  one  found  that  nitrous  oxide  NiO  could 
be  prepared  by  heating  dry  potassium  nitrate  with  anhydrous  formic  add  HCO«H : 
2KNO.  +  6HCO.H  -•  N^  T  +  4C0t  +  6H,0  +  2ECO,H.  Formic  add,  as  a 
whole,  has  undoubted  reducing  power,  so  why  drag  in  nascent  hydrogen,  as  the 
discoverer  did  in  tlus  case?  Finally,  since  hydrogen  and  chlorine  do  not  unit«  in 
the  cold,  when  sulphuric  add  and  common  salt  give  hydrt^n  chloride,  to  be 
consistent  we  must  suppose  that  nascent  hydrogen  and  nascent  chlorine  were 
formed  and  combine.  In  other  W4»ds,  every  union  of  two  elements,  other  than 
direct  union,  must  be  explained  by  nascent  action,  althou^^in  double  decomposi- 
tion this  logical  necessity  is  uniformly  overlooked. 

There  seems  to  be  no  question  that  contact  with  different  metals  confers 
on  free  hydrogen  the  i^ility  to  produce  different  chemical  changes  in  the  same 
substance.  It  ia  also  clear  that  the  extra  enei^  with  which  hydrogen  is  deliv^ed 
from  some  chemical  actions,  as  oompared  with  others,  must  appear  to  give  it 
different  de^ees  of  activity. 

The  Principle  of  Tranafornutti4>n  by  Steps.  —  It  may  have 
occurred  to  the  reader  as  strange  that  it  should  be  poa«ble  to  make 
nitric  anhydride  by  distilling  a  wann  mixture  (p.  527)  when  the  prod- 
uct decomposes  spontaneously,  even  when  kept  in  the  cold.  How 
can  a  compound  be  fitted  tc^ether  under  certain  conditions,  when 
under  the  same  or,  even,  under  more  favorable  conditions  it  proves 
to  be  incapable  of  continued  existence?  We  should  expect  rather 
that  obtaining  the  products  of  its  decompo^tion  would  have  been  the 
only  result  of  the  effort  to  make  it. 
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Extraordinary  as  thia  fact  appears  to  be,  it  ia  neTertheless  very 
commonly  encountered.  Perchloric  add  is  made  by  a  distillation 
(p.  484)  and  afterwards  breaks  up  of  its  own  aooord.  So,  also,  hypo- 
chlorites are  formed  first  and  can  be  isolated.  But  under  the  same 
conditions  the  further  transfonuation  to  chlorates  wiU  occur  (p.  480). 
A  ample  case  is  that  of  sulphur  made  by  precifatation  (p.  422)  at 
the  ordin&ry  tonperature.  Although  it  is  naturally  solid  below  119°, 
yet,  when  first  thrown  down,  it  is  in  the  form  of  liquid  droplets  which, 
if  undisturbed,  may  remiun  fluid  for  weeks.  Similarly,  sulphur  vapor 
condenses  on  glass  in  drops  which  remain  liquid  for  years,  unless  they 
are  touched  or  rubbed.  Finally,  a  supersaturated  solution  (p.  193) 
is  not  unlike  cold  hquid  sulphur. 

In  all  these  cases  there  is  a  posmbility  of  further  change,  which, 
when  it  comes,  will  Uberate  heat  of  some  other  form  of  ene^y.  Thus, 
beat  is  set  free  when  the  liquid  sulphur  is  precipitated.  The  Eunount 
of  heat  would  have  been  greater,  by  the  heat  erf  fuaon  of  the  sulphur, 
if  solidification  had  occurred  dmultaneously.  But,  in  spite  of  the 
existence  of  this  justification  for  the  final  step,  this  step  is  not  taken. 
So,  the  decomposition  of  the  vapor  of  the  perchloric  add  or  of  the 
nitric  anhydride  would  have  added  to  the  amoimt  of  enei^  liberated 
as  heat,  but  this  additional  step  was  postponed.  In  otiier  words, 
tnnsfonxurtiDiiB  which  procaod  awntaneously  and  with  evolution  of 
heat  maf  ko  forward  by  Bteps,  when  thsrs  are  IntmnodUto  sub- 
Btaneaa,  or  allotropic  forms,  capabl*  of  «zlst«nc«.  This  is  known  as 
the  pilnc^a*  of  txftiufonitatlon  b;  steps,  and  was  first  formulated  by 
Ostwald. 

Ex^'tdses.  —  1,  Make  the  equation  for  the  interaction  of  fer- 
rous chloride,  hydrochloric  add,  and  nitric  add  (p.  529),  and  for  all 
the  actions  concerned  when  the  test  for  a  nitrate  (p.  530)  is  applied 
to  sodium  nitrate.  What  volume  (at  0"  and  760  mm.)  of  NO  is 
obtained  from  one  fonnula-wdght  of  nitric  add  (p.  265,  £k.  4)7 

2.  Should  you  classy  as  molecular  compounds  (p.  530);  Chlorine 
hydrate,  ammonium  hydixjxide,  KIj  (p.  276),  sulphurous  add,  sodium 
tetrasulphide  (p.  422)?    Justify  your  answer. 

3.  At  70°,  what  proportions  of  the  molecules  of  nitrogen  tetroxide 
are  in  the  forms  of  NO*  and  NjO*  respectively  (p.  532)7  At  the  same 
temperature  what  fraction  of  the  material,  by  wdght,  ia  in  the 
former  condition?  What  are  the  relative  volumes  of  the  t«troxide, 
and  of  the  nitric  oxide  and  oi^gen  obtained  by  its  decompodtion 
(p.  632)7 

Li.iliz,,!:,.,  Google 
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4.  Make  an  equation  showing  the  production  of  nitrous  <mde  by 
the  action  of  zinc  on  nitric  acid. 

6.  Make  the  correct  equations  shoving  the  fonnation  of  nitric 
oxide  and  nitrogen  tetroxide  by  the  interaction  of  carbon  and  nitric 
acid  (p.  536). 

6.  Justify  the  graphic  formula  assigned  to  nitric  add  (p.  540). 

7.  Uong  the  anhydride  method  (p.  496),  make  the  equations  tor 
the  interactions  of  NjO*  and  wat«r  (p.  532)  and  of  permanganic 
acid  and  nitrous  acid  (p.  538). 

8.  In  the  action  of  zinc  on  dilute  nitric  acid  (p.  534),  why  is  not 
the  ammonia  ffven  off  as  a  gas?  How  should  you  show  tiisA  it  was 
formed  at  all? 

9.  Make  equations  for  the  interaction  of  iron  with  diluted  and 
with  concenlrated  nitric  add,  respectively  (p.  535).  The  iron  gives 
ferric  nitrate  Fe(NOi)i. 

10.  Give  the  three  ways  in  which  nitrates  decompose  when 
heated,  with  one  equation  illustrating  each. 

11.  Make  all  the  equations  for  oxidations  on  pp.  535  mid  536, 
usng  the  methods  illustratad  on  p.  !iA% 
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The  Chemical  Relationa  of  the  Element.  —  There  are  many 
things  in  the  chemistry  of  phosphorus  and  its  compounds  which 
remind  us  of  nitrogen.  Yet  these  are  lately  referable  to  the  fact 
that  the  elements  are  both  non-metals  and  both  have  the  same 
valences,  viz.,  thres  and  five.  The  behavior  of  the  compomids  is  often 
very  different.  For  the  present  it  is  sufficient  to  say  that  both  give 
compounds  with  hydrogen,  NHj  and  PHa,  and  both  yield  oxides  of 
the  forms  XjOg,  XsO^,  and  XtOe.  The  first  and  la^t  of  these  oxides 
are  add-forming,  and  phosphorus,  therefore,  gives  acids  corresponding 
to  nitrous  and  nitric  acids,  although  there  is  more  variety  in  the 
proportion  of  water  combined  with  the  anhydride  {e^.  p.  488).  The 
element  is  thus  non-metaUic  (see  Comparison  with  nitrogen  and  with 
sulphur,  p.  564). 

Occurrence.  —  This  element  is  found  in  nature  in  the  form  of 
phosphates.  Calcium  phosphate  Caa{PO02  forms  26  per  cent  of 
the  bones  and  teeth,  and  it  occurs  in  all  fertile  soils.  It  consti- 
tutes a  large  part  of  the  "phosphate  rock"  of  Georgia,  Florida, 
the  Carolinas,  Tennessee,  and  of  Algeria  and  Tunis.  A  conspicuous 
mineral  related  to  this  substance,  apatite  (Gk.  araraia,  I  cheat), 
CafiFCPOOa  and  CasCl(P04)i,  ia  found  in  laige  quantities  in  Canada, 
and  is  a  component  of  many  rocks.  Complex  organic  compounds  of 
pboepborus,  such  as  lecithin  and  some  proteins,  are  essential  con- 
stituents of  the  muscles,  the  nerves,  and  the  brain.  Amoi^st  foods, 
egg-yolks  and  beans  contain  a  large  proportion. 

Preparation.  —  Brand,  merchant  and  alchemist,  of  Hamburg, 
discovered  phosphorus  (1669)  by  distilling  the  residue  from  evapo- 
rated urine,  in  the  course  of  his  search  for  the  Philosopher's  stone. 
The  mode  of  preparing  it  from  bone-Bsh  was  first  published  by  Scheele 
(1771).  Green  bones,  after  the  gelatine  has  been  extracted  from  them, 
by  means  of  water  boiling  under  pressure,  are  subjected  to  destructive 
distillation,  a  process  which  yields  bone-oil.    The  re^due  is  a  iuixturc 
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of  carbon  (g.ti.)  and  calcium  phosphate.  It  is  used  by  Bugar  re6neni 
as  a  decoloriaer.  When  its  powers  in  this  direction  have  been  ex- 
hausted, it  ifi  caldned  —  that  is  to  say,  all  the  combustible  matter  is 
burned  out  of  it,  —  and  the  product  is  bone-ash,  which  contains 
about  83  per  cent  of  calcium  phosphate.  Formerly  this  was  used  in 
making  phosphorus,  but  now  the  less  expenmve  (»lcium  phosphate 
of  fossil  origin  is  employed. 

A  mixture  of  powdered  bone-ash  or  calcium  phosphate  and  sulphu- 
ric acid  (sp.  gr.  1.5  to  1.6)  is  heated  with  steam  and  stirred  in  a 
wooden  vat:  Ca,(POi)i  +  SH^O*-*  2HiP0i  +  SCaSO,  i.  The  cal- 
cium sulphate  is  partly  precipitated  during  the  heating.  The  liquid 
obtained  by  filtration  is  evaporated  in  leaden  pans.  During  this 
process  most  of  the  remainder  of  the  calcium  sulphate  is  deposited  and 
a  syrupy,  crude  phosphoric  acid  is  obtained.  This  acid  is  mixed  with 
sawdust,  or  carbon  in  some  form,  and  the  mixture  is  first  dried 
and  then  distilled  in  earthenware  retorts.  The  phosphoric  acid 
first  loses  water  and  turns  into  metaphospboric  acid,  then  the  latter 
is  reduced  by  the  carbon,  carbon  mon<mde 
and  phosphorus  vapor  pasdngoff: 


HJ'O*-»H,O  +  HP'0,. 
2HP0,  -I-  6C  ->  H,  -I-  6C0f  +  2Pt. 


A  white  heat  is  required  for  the  distitlatJon,  and 
a  pipe  from  the  tubular  clay  retort  conducts  the 
vapors  into  cold  water,  in  which  the  phosphorus 
collects. 

A  much  simpler  and  more  modem  process 

depends  on  the  use  of  the  electric  furnace 

Pia  125,  ^^^'  ^^''    '^^^  calcium  phosphate  is  mixed 

with  the  proper  proportions  of  carbon  and 

silicon  dioxide  (sand),  and  the  mixture  is  introduced  continuously 

into  the  furnace.    The  dischai^e  of  an  alternating  current  between 

carbon  poles  produces  the  very  high  temperature  which  the  action 

requires.    The  calcium  silicate  which  is  formed  fuses  to  a  slag,  tind 

can  be  withdrawn  at  intervals.     The  gaseous  product*  pass  off 

through  a  pipe  and  the  phosphorus  is  caught  under  wateri 

Ca,{PO0»  +  3SiOi  -H  5C  -*  3CaSiO»  -f-  5C0f  +  2P  T . 

We  may  regard  the  phosphate  as  being  composed  of  two  oxides,  3CaO, 
PiOt.    It  thus  appears  that  the  calcium  oxide  has  united  with  the 
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silica,  whichisanaradanhydrideCcf.  p.  431):  CaO  +  SiO» -* CaSiOj, 
while  the  phosphoric  anhydride  has  been  reduced. 

The  phosphorus,  after  purification,  is  cast  into  sticks  in  tubes  of 
tin  or  glass,  standing  in  cold  water. 

The  Electric  Furnace,  —  By  an  electric  furnace  is  understood 
an  •lectro-themul  arrangement  in  which  the  heat  produced  by  ^me 
resistance  offered  to  the  current,  such  as  that  of  an  air-gap  between 
the  carbons,  ia  used  to  produce  chemical  change.  Electrolyas  playa 
no  part  in  the  phenomena,  and  an  alternating  current,  which  cwi  pro- 
duce no  electrolytic  decomposition,  is  generally  employed.  The 
restricted  area  within  which  the  heat  is  developed  makes  possible  the 
attainment  of  a  high  temperature  (see  Calcium  carbide). 

Physical  Prdpertiea.  —  There  are  at  least  two  fJlotropic  forms 
(p.  315)  of  phosphorus,  known  as  white  phosphorus  and  red  phoa- 
phoruB.  Whlt«  phosphonu,  prepared  as  described  above,  is  at  fint 
transparent  and  colorless,  but  after  exposure  to  light  acquires  a 
superficial  coating  of  the  red  variety.  Its  density  is  1.S3.  It  melts 
at  41°,  and  boils  at  287°.  Its  molecular  weight  at  313°  is  128,  and 
at  a  red  heat  119.8.  As  the  atomic  weight  is  31,  the  formula, 
within  this  range,  is  P4.  At  1700°  the  value  91.2  indicates  a  partial 
dissociation  into  P«.  In  solution  the  formula  b  P(.  White  phos- 
phorus is  very  soluble  in  carbon  disulphide,  less  soluble  in  ether 
and  other  organic  solvents,  and  insoluble  in  water.  It  is  exceedingly 
pcHSonous,  less  than  0.15  g.  beii^  a  fatal  dose,  and  is  an  ingredient  in 
roach  paste  and  rat  poison  (a  mixture  with  lard  as  solvent,  and  fiour). 
Continued  exposure  to  its  vapor  causes  necrosis,  a  disease  from 
which  matchmakers  are  liable  to  suffer.  The  jawbones  and  teeth 
are  particularly  hable  to  attack. 

Bed  phoBphonu  is  a  red  powder  consisting  in  part  of  small  tabular 
crystals.  It  is  obtained  by  heating  white  phosphorus  to  about  250° 
in  a  vessel  from  which  air  is  excluded.  The  change  is  much  more 
rapid  at  slightly  higher  temperatures.  Since  a  great  amount  of  heat 
is  evolved  in  the  transformation,  the  phosphorus  is  closely  confined 
to  prevent  volatization.  A  trace  of  iodine  accelerates  the  trana- 
formation,  and  it  then  takes  place  even  in  the  cold. 

Red  phosphorus  does  not  melt,  but  passes  directly  into  vapor.  Its 
vapor  is  identical  with  that  of  white  phosphorus.  It  is  insoluble  in 
carbon  disulphide  and  other  solvents.  It  is  not  poisonous,  and, 
unlike  white  phosphorus,  does  not  require  to  be  kept  under  water  to 
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avoid  spontaneous  combustion.  Its  melting-point,  in  a  closed 
vessel,  varies,  b^i^  550°  when  heated  very  slowly,  and  600" 
when  heated  raiMdly.  This  shows  that  it  is  a  solid  solution,  prob- 
ably of  the  white  variety  in  a  less  active  kind.  Hence,  its  proper- 
ties are  variable,  e.g.,  density  from  2.05  to  2.34.  Bridgeman,  by 
beatii^;  white  phoaphonis  at  200°  under  a  pressure  of  1200  kg./cin,,* 
has  .obtained  a  black,  lustrous  phosphorus  (sp.  gr.  2.69),  which  is  a 
third  variety,  and  has  a  fair  electrical  conductivity. 

Chemical  Properties  of  White  Phosphorus.  —  White  phos- 
phorus unites  directly  with  the  halogens  with  great  v^jor.  It  unites 
slowly  with  oxygen  in  the  cold,  and  with  sulphur  and  many  metals 
when  the  materials  are  heated  together.  The  slow  union  of  cold 
phosphorus  with  atmospheric  oxygen  is  accompanied  by  the  evolution 
of  light,  although  the  temperature  is  not  such  as  we  usually  associate 
with  incandescence.  Hence  the  word  phosphorescence.  The  name 
of  the  element  (Gk.  ^<^,  hght;  ^v«",  I  bear)  records  this  property. 
Apparently  the  chemical  energy,  transformed  in  connection  with  the 
oxidation,  is  converted,  in  part  at  least,  into  radiant  enei^  instead  of 
completely  into  heat.*  A  curious  fact  in  connection  with  the  lumi- 
noaty  and  concomitant  oxidation  of  phosphorus  is  that  these  occur- 
rences depend  upon  the  concentration  of  the  oxygen  gas  as  well  aa 
upon  the  temperature.  Thus,  phosphorus  does  not  shine  or  oxidize 
in  pure  oxygen  below  27°.  If  the  concentration  of  the  ox^jen 
is  reduced  to  200  mm.  or  less  by  means  of  a  pump,  or  by  mixing 
with  an  indifferent  gas  such  as  nitrogen,  phosphorescence  becomes 
perceptible  at  the  ordinary  temperature.  This  ^cpiains  the  lumi- 
nosity shown  in  the  air.  At  lower  temperatures,  lower  preesurea 
have  to  be  used.  The  phosphorescence  may  be  destroyed  by  the 
vapor  of  turpentine  and  other  substances.  All  these  phenomena 
are  probably  due  to  the  intermediate  formation  of  phospborua 
trioxide,  the  vapor  of  which  shows  the  same  effects.  The  dow 
oxidation  of  phosphorus  is  accompanied  by  the  production  of  oisone, 
but  the  nature  of  the  action  is  still  unknown  {ef.  p.  311). 

*  The  some  production  of  light  from  chemical  Eutlon  in  a  cold  body  is  seen  in 
the  luminoeity  of  c«rtaia  parte  of  fireflies  and  Bome  apeciea  of  fiah.  In  many 
violent  chemical  changes  the  light  given  out  is  conspicuously  more  intense  than 
that  proper  to  the  temperature  produced  (^.  p.  94),  and  must  oome,  therefore, 
in  part,  directly  from  the  chemical  energy.  Thus,  burning  magneeium  has  a 
temperature  of  about  1350°,  while  the  production  of  light  of  the  same 
by  vnsK  incandescence,  would  require  a  l«mperature  of  about  5000°. 
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The  difference  in  bdutvitv  of  pure  utd  dilated  oxygen,  may  be  ehown  by  pwa- 
ing  a  sdutioD  of  phoephoruB  in  carbon  disulphide  on  to  two  stripe  of  filter  paper. 
One  of  the  strips,  hung  in  the  air,  catches  fire  as  soon  as  the  evaporation  oi  the 
aolrent  has  exposed  a  large  area  of  finely  divided  phoephonis.  The  other,  hung 
in  a  jar  of  oxygen,  remains  unaffected,  but  bectnnes  ignited  instantly  upon  re- 
moval from  the  jai  [Lect.  exp.J- 

Chemical  Properties  of  Red  Phosphoru*.  — Thia  variety  of 
the  element,  since  it  is  foimed  with  evolution  of  heat,  contEuna  less 
energy  than  does  white  phoaphonis  and  is  much  less  active.  It  does 
not  catch  fire  in  the  air  below  240°,  while  ordinary  phosphorus  ignites 
at  35-45°.  Indeed,  it  is  the  vapor  that  be^ns  to  combine  with 
oxygen,  and  this  behavior  is  only  an  independent  proof  of  the  low 
vapor  tension  of  the  red  variety.  When  the  vapor  tension  of  white 
phosphorus  has  reached  760  mm,  (at  287°,  the  b.-p.),  that  of  red 
phosphorus  is  almost  imperceptible. 

Red  phosphorus  is  to  be  regarded  as  the  normal,  stable  form  of 
phoaphoruB.  The  fact  that  yellow  phosphorus  can  be  kept  a  great 
length  of  time,  and  is  changed  but  dowly  on  exposure  to  Ught,  only 
shows  that  the  transformation  into  a  stabler  condition  ia  retarded  by 
the  lownesB  of  the  temperature  {(f.  p.  126).  The  relation  between  the 
two  varieties  of  phoephorus  is  quite  distipct  from  that  between  rhom- 
bic and  monoclinic  sulphur  (p.  411).  In  the  latter  case  there  ia  a 
definite  temperature  of  tnmsformation  (96°)  above  which  one  form 
completely  disappears,  and  below  which  the  other  form  is  incapable  of 
permanent  existence.  With  the  varieties  of  phosphorus  no  auch  point 
of  tranaformation  existe,  because  with  phosphorus  the  two  forms 
are  miscible,  while  with  sulphur  they  are  not.  It  ia  only  by  con- 
den»ng  the  vapor  that  the  yellow  kind  is  obtained.  The  production 
from  the  vapor  (also  Ft)  of  the  white  solid  at  low  temperatures, 
instead  of  the  red  solid  whose  formation  would  be  accompanied  by  a 
larger  liberation  of  heat,  is  simply  an  Illustration  of  the  principle  of 
transformation  by  atepa  (p.  544).  At  1200",  however,  the  vapor 
deposits  red  phosphorus. 

The  tenn  allotrople  modlfleattont  is  applied  to  ox^en  and  oione  (ja)  wludi 
are  CCTtainly,  and  to  red  and  white  phosphorus  which  ore,  probably,  diemically 
dietiuct  eubBtancee.  It  is  used  also  of  rhombic  and  monoclinic  sulphur,  when 
the  difference  is  puredy  physical.  But  it  is  applied  only  to  simple  subetanoes, 
although  many  ixunpounds  show  several  forms  {(^.  Ammonium  nitrate),  exactly 
as  does  sulphur.  In  short,  it  has  at  present  no  scientific  value,  for  it  covers  a 
heterogeneous  mass  of  phenomena  which,  in  part,  still  await  elucidation.  If 
•Qotrople  modifloatloni  were  to  be  defined  as  lUbltanCM  (p.  4)  oo&qxiwd 
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of  the  Min«  mtterlals,  but  poouaalng  difterant  proportloiu  of  freo  or 
ftTkllftble  'mmgj,  and,  therefore,  different  physical  properties  and  difierent 
degrees  of  chemical  activity,  which  ia  apparently  the  sense  in  which  the  ex- 
preeaon  is  commonly  employed,  then  ioe,  watw,  and  eteom  would  be  examples 
of  such  BubetanceB.  In  each  <A  the  above  four  illuatrations,  the  seoond  ^  the 
case  of  water,  the  third)  ia  the  mtxe  active  form. 

Uses  cf  Ph4>spIu>ruSf  Matches.  —  The  greater  part  of  the 
phosphorus  of  commerce  ia  employed  in  the  maaufacture  of  matches. 
The  first  articles  of  this  sort  (1812)  were  sticks  coated  with  sulphur 
and  tipped  with  a  mixture  of  potassium  chlorate  and  sugar.  For 
ignition  they  were  dipped  into  a  bottle  containing  asbestos  moistened 
with  concentrated  sulphuric  acid.  Matches  involving  the  use  of 
phosphorus  (1827)  have  now  displaced  all  others.  In  making  common 
matches  which  strike  on  any  rough  surface,  the  sticks  are  first  dipped 
in  melted  sulphur  or  paraffin  to  the  extent  of  about  half  an  inch.  The 
head  is  often  composed  of  manganese  dioxide  or  lead  dioxide  PbOi, 
and  a  little  potassium  chlorate,  which  supply  oxygen,  a  small  propor- 
tion of  white  phosphorus,  or  of  a  sulphide  of  phosphorus  F4S3  which  is 
readily  ignited  by  friction,  and  antimony  trisulphide  (combustible) 
with  dextrine  or  glue.  A  paste  made  of  these  materials  is  spread 
evenly  upon  a  slab,  and  the  prepared  sticks  fixed  in  a  frame  are  dipped 
once  or  twice  in  the  mixture.  On  account  of  the  danger  of  necrosis 
amongst  the  workers,  the  use  of  white  phosphorus  ia  forbidden  by 
law  in  Sweden,  France,  Great  Britain,  and  Switzerland,  and  is  pre- 
vented by  a  tax  of  two  cents  per  100  matches  in  the  United  States. 

In  the  case  of  "safety"  matches,  the  mixture  upon  the  bead  is  not 
easily  ignited  by  itself.  It  is  composed  of  potassium  chlorate  or  di- 
chromatQ,  some  sulphur  or  antimony  trisulphide,  and  a  little  powdered 
glass  to  increase  the  friction,  all  held  t<^ether  with  glue.  Upon  the 
rubbing  surface  on  the  box  is  a  thin  layer  of  antimony  trisulphide 
mixed  with  red  phosphorus  and  ghie.  The  friction  converts  a  little 
of  the  red  pboephorus  into  vapor,  which  catches  fire  readily.  To 
prevent  smoldering  of  the  burned  matches,  the  upper  ends  of  the 
sticks  are  sometinies  eoaked  in  a  solution  of  alum  or  sodium  phosphate. 

Phosphine.  —  Three  hydrides  of  phosphorus  are  known.  These 
are,  phosphine  PHj  (a  gas),  a  liquid  hydride  PiII»,. which  is  pre- 
sumably the  analogue  of  hydrazine  NsHi,  and  a  solid  hydride  PiHi. 

Phospbine  PHi  does  not  seem  to  be  produced  under  ordinary 
arcumstances  by  the  direct  union  of  the  elements.    It  ia  foimed 
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slowly,  however,  with  active  hydn^en,  from  rine  and  hydrochloric 
acid  at  70°,  and  white  phoepborus.  The  gas  may  be  made  by  boilii^ 
white  phosphorus  with  potaseium  hydroxide  solution  in  an  apparatus 
similar  to  that  used  for  generating  hydrogen.  Fotasdiun  hypo- 
phosphite  is  formed  at  tiie  same  time: 

3K0H  +  4P  +  3H,0  -*  3KH,P0,  +  PH,  T. 

The  gas  made  in  this  fashion  contains  a  little  of  the  vapor  of  the 
liquid  hydride,  which  is  spontaneously  inflammable,  and  consequently 
the  bubbles  of  the  mixture  catch  Are  when  they  reach  the  surface  of 
water  in  the  trough:  . PHa  +  20i  ^^  H1PO4.  In  still,  moist  air, 
the  fog  of  droplets  of  phi^phoric  acid  solution  form  smoke  rings. 
To  avoid  explosions,  the  air  in  the  flask  must  be  displaced  by  hydrogen 
or  illuminatii^-^s  before  heat  is  applied.  This  product  contains 
also  free  hydrogen,  in  increasing  quantities  as  the  action  goes  on,  in 
consequence  of  the  reduction  of  the  water  and  potasdum  hydrox- 
ide by  the  potassium  hypophosphite;  KHiPO*  +  KOH  +  H,0  -* 
K1HPO4  +  2Ht.     Potassium  phosphate  is  formed. 

The  simplest  method  of  preparing  the  gas  is  by  the  action  of  water 
upon  calcium  phosphide: 

CaaPa  +  6H1O  -»  3Ca(0H),  +  2PHa. 

This  action  is  analt^ous  to  that  of  water  upon  magnesium  nitride 
(p.  514),  by  which  ammonia  ia  produced.  In  consequence  of  the  fact 
that  calcium  phosphide  is  a  substance  of  irr^ular  composition,  a  mix- 
ture of  all  three  hydrides  is  generaUy  obtained.  By  pas«ng  the  gas 
through  a  strongly  cooled  deUvery  tube,  however,  the  liquid  com- 
pound is  condensed  and  fairly  pure  phosphine  passes  on. 

Phosphine  is  a  colorless  gas,  which  is  easily  decomposed  by  heat 
into  its  elements.  It  is  exceedingly  poisonous  and,  unlike  ammonia, 
it  is  insoluble  in  water,  and  produces  no  basic  compound  corresponding 
to  ammonium  hydroxide  when  brought  in  contact  with  this  sub- 
stance. It  resembles  ammonia,  formally  at  least,  in  unitiI^E  with  the 
hydrogen  hahdes  {see  below).  It  differs  from  ammonia,  however, 
inasmuch  as  it  does  not  unite  with  the  oxygen  acids.  Phosphine 
acte  upon  solutions  of  some  salts,  predpitating  phosphides  (^  the 
metals: 

3CuS0,  +  2PH,  -+  CujPs  -I-  SHjSO*. 

The  liquid  hrdrocen  phosphide  boils  at  57°.  The  molecular 
wdght,  as  determined  by  the  density  of  its  vapor,  shows  the  formula  to 
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be  FtH4.  It  fonns  no  salte,  and  is  therefore  quite  unlike  hydrazine. 
Wh^n  exposed  to  Ught,  it  decomposes,  giving  pbosphine  and  the 
■oUdbrdrUe. 

Plutsptumium,  Compounds.  —  Hydn^en  iodide  unites  with 
pfaosphine  to  form  a  colorless  solid,  crystaUizing  in  beautiful,  highly 
refracting,  square  prisms:  PH»-|-  HI— tPHj.  Hydrogen  chloride 
combines  similarly  with  pbosphine,  but  only  when  the  gases  are  cooled 
by  a  freezing  mixture,  or  are  brought  together  under  a  total  pressure 
of  18  atmospheres  at  14".  When  the  pressure  ia  released,  rapid 
dissociation  occurs.  This  dissociation  is  on^  of  the  many  cases  where 
an  action  which  absorbs  heat,  nevertheless  goes  on  spontaneously 
(cf.  p.  35).  The  indispensable  fall  in  the  enei^  of  the  system  takes 
place  by  virtue  of  the  expao^on  of  the  constituents,  and  in  amount 
this  more  than  offsets  the  heat  acquired. 

In  imitation  of  the  ammonia  nomenclature,  these  substances  are 
called  phosplumiutn  iodide  and  photphonium  chlcoida  PH4CI.  Th^ 
are  entirely  different,  however,  from  the  corresponding  ammonium 
derivatives,  for  the  PH4+  ion  is  unstable.  When  broi^t  in  contact 
with  water,  they  decompose  into  thdr  constituents,  the  hydrogen 
halide  going  into  solution,  and  the  pbosphine  being  liberated  as 
a  gas. 

Halides  of  Phosphorus.  —  The  edstence  of  the  following 
haUdes  has  been  proved  conclusively: 

P,I«  (solid) 

PF,  (gas)         PCU  (liquid)          PBra  (liquid)        PI.  (solid) 
PF»  (gas)        PCU  (sohd)  PBik  (soUd)  

These  substances  may  all  be  formed  by  direct  union  of  the  elements. 
They  are  incomparably  more  stable  than  are  the  similar  compounds  of 
nitrogen.  They  are  all  completely  hydrolyzed  by  water,  and  each 
gives  an  oxygen  acid  of  phosphorus  and  the  hydrogen  halide  (see 
below).  This  action  was  used  in  the  preparation  of  hydrt^en  bro- 
mide (p.  272)  and  hydri^en  iodide  (p.  278). 

Fhosphonu  trichlvide  PCIs  is  made  by  pasrang  chlorine  gas  over 
melted  phosphorus  in  a  flask  until  the  proper  gain  in  weight  has 
occurred.  It  is  a  liquid,  boiling  at  76°.  When  excess  of  chlorine  is 
employed,  pboq>honu  pontacUoride  PCU,  which  is  a  white  solid 
body,  is  formed.  When  moist  air  is  blown  over  any  of  these  sub- 
tances,  the  water  is  condensed  to  a  fog  by  the  hydrogen  halide.    In 
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the  case  of  the  iiitenictioD  of  phosphonia  pentachloride  and  water, 
phosphoric  ticid  is  fonued: 

PCU  +  4H,0  -» H,P04  +  5HCI. 

With  a  limited  supply  of  water  the  hydrolysis  is  not  so  complete, 
and  phoaphoryl  chloride*  (phosphorus  oxychloride),  a  liquid  boiling 
at  107°,  is  produced:  (PCl,  +  HOH  -*  POCl,  +  2HC1. 

This  interaction  of  phosphorus  pentacbloride  and  water  is  a  per- 
fectly general  one,  and  takes  place  with  most  compounds  containing 
hydroxyl.  Thus,  when  alcohol  (which  differs  from  water  in  having 
ethyl  CiHs,  instead  of  hydrogen,  combined  with  hydroxyl)  is  poured 
upon  it,  ethyl  chloride,  phosphory!  chloride,  and  hydrogen  chloride 
are  formed: 

cjtoH  +  Pcit  -» cH^a  +  pocu  +  Ha. 

The  same  action  takes  place  with  all  carbon  compounds  oont^nii^ 
hydroxyl,  and  is  used  as  a  means  of  showing  the  presence  of  this 
group  in  their  structure.  The  reaction  is  shown  by  inot^anic  com- 
pounds also.  Thus,  anhydrous  sulphuric  add  gives  sulphuryl 
chloride,  which  may  be  separated  from  the  phoaphoryl  chloride  by 
fractional  distillation  (see  Petroleum) : 

SO,(OH),  +  2PCU  -^  SOjClj  +  2P0C1»  +  2Ha.  . 

Phosphorus  pentachloride,  when  heated,  reaches  a  vapor  tendon 
of  760  nun.  at  163°,  and  while  still  solid.  It  therefore  passes  freely 
into  vapor  (boils,  so  to  speak)  at  this  temperature,  and  condenses  di- 
rectly to  the  solid  form.  This  sort  of  distillation  is  called  niblimation. 
At  a  pressure  above  that  of  the  atmosphere  it  melts  at  166°.  This  is 
simply  a  case  in  which  the  vapor  tension  of  the  solid,  increadng  with 
rise  in  temperature,  happens  to  pass  the  arbitrary  value  of  the  oppos- 
ing pressure  (one  atmosphere)  peculiar  to  experiments  carried  on  in 
open  vessels,  before  the  melting-point  is  reached.  The  same  phe- 
nomenon is  shown  by  sulphur  trioxide  (p.  430). 

Phosphorus  pentachloride  (cf.  p.  260)  and  pentabromide,  when 
vaporiz^,  are  partially  dissociated: 

PBn  ^  PBr,  +  Br^ 

Since  the  first  two  members  of  this  equilibrium  are  colorless,  while  the 
bromine  is  brown,  this  action  may  be  used  to  Ulustrat*  the  effect  upon 

*  This  subetauoe  is  a  mixed  anhydride  (p.  449)  of  phosphoiio  add  and  Iiydn> 
geachlotide. 
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a  system,  of  Inoreailnc  the  ooncantrmUon  of  one  of  the  inttnoOne 
subitanees  (p.  291).  Two  tubes  of  equal  volume  and  containing 
equal  amounts  of  the  pentabromide  are  prepared.  A  small  amount  of 
the  tribromide  is  added  to  the  second,  and  both  are  sealed  up.  When 
the  tubes  are  now  heated  to  the  same  temperature,  the  contents  of  the 
second  will  be  leas  strongly  colored  by  bromine  in  consequence  of  the 
greater  activity  in  it  of  the  reversing  action.  At  163°  and  760  mm., 
about  4  per  cent  of  the  molecules  of  the  vapor  of  the  pentacbloride 
are  dissociated  into  the  trichloride  and  chlorine. 

Oxidea  t^  Phosphorus.  —  The  oxides  of  phosphorus  are  the  so- 
called  trioxide  PtOg,  the  pentoxide  F«Ok,  and  a  tetroxide  PtOi. 

The  pentoxide  is  a  white  powder  formed  when  phosphorus  is 
burned  with  a  free  supply  of  oxygen.  It  unites  with  water  with 
great  violence  to  form  metaphosphoric  acid  (see  below),  and  hence  is 
known  as  phoqihoilc  anhrdiide:  PiOg  +  HjO  -*  2HP0i.  In  the 
laboratory  this  action  is  frequently  utilized  for  drying  gases  (p.  123) 
and  for  removing  water  from  combination  {p.  527).  The  vapor 
density  of  the  pentoxide  indicates  that  its  formula  is  PiOioi  use  of 
which,  however,  would  only  complicate  our  equations. 

The  trioxide  FtO«  is  obtained  by  burning  phosphorus  in  a  tube 
with  a  restricted  supply  of  ^r.  It  is  a  white  soUd,  melting  at  22.5° 
and  boiling  at  173°.  On  account  of  the  ease  with  which  it  may  be 
volatilized,  it  can  be  separated  by  distillation  from  any  pentoxide 
formed  at  the  same  time.  The  operation  must  be  carried  out  in  an 
apparatus  from  which  the  sir  is  excluded,  as  the  trioxide  unites 
spontaneously  with  oxygen.  The  vapor  is  phosphorescent  (p.  550). 
The  vapor  density  of  the  substance  shows  that  its  formula  is  P^Oj. 
This  formula  is  preferred  to  the  simpler  one  because,  although  the 
oxide  is  the  anhydride  of  phosphorous  acid,  it  nevertheless  unites 
exceedingly  slowly  with  cold  water  to  form  this  substance.  It  inter- 
acts vigorously  with  hot  water,  but  phosphine,  red  phosphorus,  hypo- 
phosphoric  acid,  and  phosphoric  acid  are  amongst  the  products,  and 
very  little  phosphorous  acid  escapes  decomposition.  When  this  oxide 
is  heated  to  440°  it  decomposes,  ^vii^  the  tetroxide  F1O4  and  red 
phosphorus. 

Acids  of  Phosphorus.  —  There  are  six  different  adds  of 
phosphorus  in  which  four  distinct  stages  of  oxidation  are  shown. 
The  highest  stage  is  represented  iiy  three  phosphoric  adds,  where 
the  degree  of  hydration  of  the  anhydride  varies.    The  others  show 
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three  different  and  lower  states  of  oxidation  (study  their  poative  and 
negative  valences,  p.  494) : 


H.PO.    (-3H/),P^ 

Pyropho^horio  acid 

HJ»rf)r  (-2H/),PiO.) 

Met^ho^horic  add 

HPO,     (-HAPA) 

Hypophoephimc  acid 

HJ^    C-  2H(0,PA) 

PttocphorouB  acid 

HJC    C=3HAPiOJ 

Hyi>opha8phorous  add 

H  JO,  {-  3H.0,PA 

The  Phosphoric  Acids.  —  The  relation  between  the  three  diffeiv 
ent  phosphoric  acids  may  be  aeen  by  con^dering  them  as  being 
fonned  from  phosphorus  pentoxide  and  water.  It  will  be  remembered 
that  in  the  majority  of  cases  already  considered,  this  sort  of  action 
takes  place  for  the  most  part  in  but  one  way.  Thus,  nitric  acid  is 
known  in  but  one  form,  which  is  produced  by  the  union  of  one  molecule 
each  of  mtr<^en  pentoxide  and  water:  NjOs  +  HiO  — *  2HN0i. 
Similarly  the  chief  sulphuric  acid  is  the  one  formed  from  one  molecule 
of  sulphur  trioxide  and  one  molecule  of  water:  SOj  +  HtO  — » H^Oi, 
although  here  we  have  both  the  hydrate  HtSOt.HtO,  which  might 
be  written  H^SOt  and  disulphuric  acid  HtStO;.  Referred  to  the 
anhydride  these  three  acids  ar^  H!iO,SO,,  2HiO,SO,,  and  H,0,^0». 
Periodic  acid  (p.  487)  has  a  set  of  even  more  complexly  related  acids 
or  salts. 

Now,  when  phosphoric  anhydride  acta  upon  water  we  obtun  a 
solution  which,  on  immediate  evaporation,  leaves  a  glassy  solid, 
HPOi,  known  as  mstaphwplioric  add.  This  is  HiO,PiOt.  When, 
however,  the  solution  is  allowed  to  stand  for  some  days,  or  is  boiled 
with  a  little  dilute  nitric  acid,  the  hydr«^en-ion  of  which  acta  catalyt- 
ically,  the  re^due  from  evaporation  is  H1PO4,  ortbophoipluulo  add 

P^C^  +  3IJ,0-»2Ha>04"or    HPO,  +  H,0 -*  HJ'O*. 
I ^,  ;.,-*' ''.-■;       '!,;'  =  V 
Conversely,  when  orthophosphoric  acid  is  kept  at  about  255°  for  a 
time,  it  slowly  loses  water,  and  H4P1OJ,  prrophoipborto  kcUt,  is  ob- 
tained: 

2HiP04  -» H4P,07  +  HjO  T. 

This  iicid  is  ^sO,PiOt.  Further  desiccation  leaves  metaphosphoric 
acid,  which  cannot  be  further  resolved  into  phosphorus  pentoxide  and 
water.  When  dissolved  in  water,  pyrophospboric  acid  slowly  resumes 
the  water  which  it  has  lost  and  gives  ttie  ortho-acid  f^ain. 
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"the  relations  of  all  these  substances  are  more  clearly  seen  in  the 
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The  addition  or  removal  of  water  leaves  the  valence,  and  therefore 
the  d^iree  of  oxidation,  of  the  phosphorus  unchanged. 

Pyroaulphuric  acid  and  its  salts  when  dissolved  in  water  give  Bul- 
phuric  acid  and  acid  sulphates,  respectively.  That  is  to  say,  the  ion 
SiOt  is  not  capable  of  existence.  But  the  very  slow  rate  at  which 
the  less  hydrated  phosphoric  acids  change  into  the  more  hydrated 
ones  shows  that  ions  like  PO4-,  POj",  and  PiOi=-may  be  compara- 
tively stable.  The  behavior  of  solutions  of  the  salts  shows  this  even 
more  clearly. 

Orthophosphoric  Acid  H»P04.  —  As  we  have  seen  (p.  548), 
ordinary  calcium  phosphate  is  the  source  of  the  impure,  commercial 
acid.  Pure  orthophoephoric  acid  may  be  made  by  boiling  red 
phosphorus  with  shghtly  diluted  nitric  acid  and  evaporatii^  off  the 
water  and  excess  of  nitric  Eicid.  The  product  ia  a  white,  crystalline, 
deliquescent  bamlhrdrate,  2HtP04,HtO  (m.-p.  29.35°).  Anhydrous 
orthophosphonc  acid  melts  at  42.3°. 

This  a(nd  is  much  weaker  than  sulphuric  add,  and  is  diasodated 
chiefly  into  the  ions  H+  and  HiPO*".  The  dihydrophosphate-ion  is 
broken  up  to  some  extent  into  H+  and  HP04~,  as  we  learn  from  the 
fact  that  the  solution  of  the  sodium  salt  NaHtPOi  is  acid.  The  ion 
HPOt=  ia  hardly  dissociated  at  all,  for  a  solution  of  the  salt  NajHPO* 
is  not  acid  in  reaction. 

Salts  t^  Orthophoaphoric  Add.  —  As  a  trlbMic  add,  it 
forms  salts  of  three  kinds,  such  as  NaHjPOi,  NajHP04,  and  NaiPO*. 
These  are  known  respectively  as  piimaiy,  wconduy,  and  tertUiy 
sodium  orthophoaphate.     The  primary  sodium  phosphate  is  faintly 
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add  in  reaction.  The  secondary  one  is  slightly  alkaline,  because  of 
bydrolyaia  arising  fnwn  the  tendency  of  the  hydn^en-ion  of  the 
water  to  combine  with  the  HPO*^  to  form  H J^«~  which  is  much  more 
feebly  acid  than  is  phosphoric  acid  HfPOf.  The  simplified  equation 
(p.  419)  shows  the  reason  for  the  alkalinity  of  the  solution:  HPO*-  + 
H+  +  OH-  ^  HiPOr  +  OH",  for  hychroxyl-ion  is  present.  The 
tertiary  phosphate  is  stableonly  in  solid  fonn,  and  can  be  made  by 
evaporating  to  dryneea  a  mixture  of  the  secondary  phoephate  aiMi 
sodium  hydroxide: 

NajaPO*  +  NaOH  ^Na,PO.  +  H,OT. 

When  the  product  is  dissolved  in  water,  the  action  is  reversed  ((^. 
p.  418).  Mixed  phosphates  are  also  known,  particularly  sodium- 
ammonium  phosphate  (misrooonofc  ult)  NaNB^HPO*,  and  the 
insoluble  magnesium-^nmionium  phosphate,  MgNH^POt. 

Primary  caldum  phosphate,  known  in  commerce  aa  nipsrpluw- 
phats,  is~u35ll~'^  a  lertiuzer.  binoe  plants  can  take  up  soluble 
substances  only,  the  insoluble,  natqral  caldum  phosphate  is  of 
relatively  little  service  to  plants.  It  ia  therefore  converted  into  the 
'  superphosphate,  which  is  soluble,  by  trctibnent  with  dilute  sulphuric 
add:  't 

Ca,CPO«),  +  2H^O(  ri  aCaSO*  +  CaH4(P0*)t. 

(^  Tie  tertiary  phosphates  are  unchanged  by  beating.  The  primary 
Jind  seoondary  phwphates,  however,  retaining,  as  they  do,  some  of 
Ahe  ori^nal  hydrc^en  of  the  phosphoric  add,  are  capable  of  lodng 
^ater  like  phosphoric  add  itself,  when  hpated.  The  actions  are 
dowly  reversed  when  the  products  are  dissolved  in  water: 

V-NaBiPO«  j=t  NaPO,  +  H,0, 
2Na»HP0,  ?±  Na4P»0r  +  HjO. 

It  will  be  seen  that  the  meta^  and  pyrophosphates  of  sodium  are 
formed  by  these  actions;  and  this  is  indeed  the  amplest  way  of  form- 
ing  these  substances,  since  the  adds  themselves  are  not  permanent  in 
solution,  and  are  too  feeble  to  lend  themselves  to  exact  neutr^zation. 
Ammonium  salts  of  phosphoric  acid  lose  ammonia,  as  weD  as  water, 
when  heated  (cf.  p.  520).  Thus,  microcosmic  salt  gives  first  the 
primary  sodium  phmphate: 

NaNH«HP04  -*  NH,t  +  NaH,PO,  -*  NaPO.  +  H^  t , 

and  this  in  turn  loses  water  te  give  the  metapbosphate. 

oogic 


560  INORGANIC  CHEMISTRY 

Pyrophoaphoric  Acid  HJ'i(h.  —  This  acid,  obtained  t^  beat- 
ing orthophosphoric  acid,  may  "be  prepared  in  pure  form  by  making 
the  sparingly  soluble  lead  salt  from  sodium  pyrophosphate,  and 
precipitating  the  lead-ion  as  lead  sulphate  by  addition  of  sulphuric 
acid.  In  solution  it  gradually  reunites  with  water.  Although 
tetrabasic,  having  four  hydrogen  atoms  which  may  be  displaced  by 
metals,  only  two  kinds  of  salts  are  known.  These  are  the  normal 
salts,  such  as  Na*?]^,  and  those  in  which  one-half  of  the  hydrogen 
has  been  displaced  by  a  metal,  such  as  NaaH^PjO?. 

Metaphosphoric  Add  HPOi.  —  This  is  the  "  glacial  phosphoric 
add"  of  commerce,  and  is  usually  sold  in  the  fonn  of  transparent 
sticks.  It  is  obtained  by  heating  orthophosphoric  acid,  or  by  direct 
umon  of  phosphorus  pentoxide  with  a  small  amount  of  cold  water. 
It  passes  into  vapor  at  a  high  temperature,  and  its  vapor  density 
corresponds  to  the  formula  (HPOs)i.  The  existence  of  certain  com- 
plex salt«  confirms  our  belief  .in  the  existence  of  association  (p.  282). 

Sodium  inst»phosplut«  KaF03,.io  the  form  of  a  small  globule 
obtained  by  heating  microcosmic  salt  on  a  platinum  wire,  is  used  in 
analysis.  When  minute  traces  of  oxides  of  certain  metals  are  placed 
upon  such  a  globule,  known  as  a  bead,  and  heated  in  the  Bunsen 
flame,  the  mass  is  colored  in  various  tints  according  to  the  oxide 
used  (bead  t«rt).  This  action  may  be  understood.. wFicn  we  conader 
that  sodium  metaphosphate  takes  up  water  to  form  primary  sodium 
orthophosphate:  NaPO*  +  HjO  —*  NaHaPO*.  In  the  same  way,  but 
at  higher  temperatures,  it  is  able  to  take  up  oxides  of  elements  other 
than  hydrogen,  giving  mixed  orthophosphates.  Thus,  with  oxide  of 
cobalt,  a  part  of  the  metaphosphate  unites  according  to  the  equation: 

NaPOj  +  CoO  -*  NaCoPO,, 

and  the  product  gives  a  blue  color  to  the  bead. 

Distinguishing  Teats.  —  When  a  solution  of  nitrate  c^  sUnr  is 
added  to  a  solution  of  orthophosphoric  acid  or  any  soluble  orthophos- 
phate, a  yellow  precipitate  of  silver  orthophosphate  AgjPOi  is  pro- 
duced. This  is  a  test  for  grtbophos pbate-ion .  With  pyrophosp^oric 
acid  or  any  pyrophosphate  the"  pro3uct  is  white  Ag4pt07.  With 
metaphosphoric  acid  a  white  precipitate,  AgPOj,  is  obtained  also, 
Metaphosphoric  acid  coagulates  a  clear  solution  (really  a  colloidal 
suspension)  of  albumen  (say,  white  of  egg),  while  ortho-  or  pyro- 
phosphoric  acid  has  no  visible  effect  upon  it. 

ui.iiiz,,!:,.,  Google 
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A  test  for  ortbophosphoric  acid,  or  rather  the  ion  P04~,  conaeta 
in  adding  a  drop  of  the  solution  contuning  this  ion  to  a  solution  of 
ammonium  molybdate  (.q.v.)  in  dilute  nitric  acid.  A  copious  yellow 
precipitate  of  an  ammonium  phosphomoLybdate  (NH4)»POt,llMo- 
0(,6HiO  appears  on  wanning.  In  presence  of  excetss  pf  ammonia,  the 
formation  of  the  white  insoluble  ammoniumnnagnesium  phosphate 
(p.  559)  serves  as  a  test  also.  Arsenic  add  (q.v.)  gives  precipitates 
of  appearance  and  composition  similar  to  these  two. 

Phoaphoroua  Acid  HtPOi.  —  With  cold  water  phosphorus  tri- 
oxide  P40»  j^elda  phosphorous  acid  very  slowly.  With  hot  water  the 
action  is  .exceedingly  violent  and  complex  (p.-  556).  This  acid  may 
be  obtained  also  by  the  action  of  water  upon  phosphorus  trichloride, 
tribromide,  or  tri-iodide  and  evaporation  of  the  solution: 

PC1»  +  3HiO  -» P(OH),  +  3HC1. 

Some  of  this  acid,  along  with  phosphoric  acid  and  hypophoaphoric 
acid,  is  formed  when  moist  phosphorus  oxidizes  in  the  air. 

In  spite  of  the  presence  of  three  hydrogen  atoms,  this  acid  is 
dibasic,  and  two  only  are  replaceable  by  metals.  To  express  this  fact, 
the  first  of  the  following  formulae  is  preferred: 
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-0-H 
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Eonce  the  symmetrical  formula  would  indicate  no  difference  between 
the  three  hydrogen  atoms.  H  united  directly  to  P,  as  here  and  in 
PH,,  ia  practically  not  acidic.  Phosphorous  acid  is  a  powerful 
reducing  agent,  precipitating  silver,  for  example,  in  the  metallic 
form  from  solutions  of  its  salts.  When  heated,  it  decomposes,  giving 
the  most  stable  acid  of  phosphorus  (</.  pp.  447,  474,  483),  namely, 
metaphosphoric  acid,  and  pbosphine: 

4H,P0a  —  3HP0a  +  3H,0  +  PH,  T . 

Hypophosphorous  Acid.  —  The  potassium  salt  of  this  acid  is 
obtained,  as  we  have  seen,  when  phosphorus  la  heated  with  potassium 
hydroxide  solution  (p.  553).  It  may  he  prepared  in  the  free  form  by 
substituting  barium  hydroxide  for  potassium  hydroxide: 

3Ba(0H),  +  8P  +  6H,0  —  3Ba(H^0,),  +  2PH,T. 

iooglf 
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By  careful  addition  of  dilute  Bulphuric  acid  to  the  resulting  liquid, 
barium  a;ulphate  is  precipitated.  On  evaporation  of  the  water,  the 
white  crystalline  acid  HiPOj  is  obtained.  This  acid  is  monobaac; 
two  of  its  hydrogen  atoms  cannot  be  displaced  by  metab.     To  ex.- 

t-H 
pr^  this  fact  the  graphic  formula  0  =  P  ■<  —  H  is  used.    This  sub- 

(-0H 
stance  is  also  a  powerful  redudng  ^ent,  tending,  by  the  acquiMUon  of 
oxygen,  to  pass  into  phosphoric  acid. 

The  acid  and  its  salts,  when  heated,  give  off  water  and  phospbine, 
and  leave  phosphoric  acid  and  phosphates  (qf.  p.  561),  respectively. 
Thus,  sodium  hypophosphite  ^ves  phoephine  and,  finally,  sodium 
pyrophosphate: 

4NaHiP0i  -^  2PH3 1  +  2Na»HP0t  ->  Na^PjOi  +  HjO  f . 

Hypophosphoric  Acid  H^Ot.  —  When  white  phosphorus  is 
heated  under  nitric  acid,  alone,  orthophosphoriCj  acid  is  formed. 
When,  however,  cupric  nitrate  (or  silver  nitrate;  other  nitrates  are 
without  effect)  is  added,  copper  is  precifntated  (as  Cu»Pj  or  Cu). 
By  neutrahzing  half  of  the  resulting  solution  with  sodium  carbonate, 
and  adding  the  other  half,  a  copious  precipitate  of  a  hydrate  of  sodium 
hypophosphate  NaHFOi,2H'iO  appears.  From  this  salt,  other  salts 
and  the  free  acid  can  be  prepared. 

Structural  Farmulee  of  Salts  of  Hydrogen.  —  As  a  rule,  the 
formulae  of  acids  have  thus  far  been  written  with  the  ionizable  hydro- 
gen in  front:  HCl,  H^O,,  HCOjCHa.  This  is  only  one  illustration  of 
the  method  by  which  chemists  have  constanUy  sought  to  utilize  for- 
mulsB  for  the  purpose  of  expressing,  not  merely  the  composition  of  a 
substance,  but  some  of  its  properties  as  well.  By  another  typo- 
graphical device  we  have  attempted  to  indicate  the  behavior  of  dilute 
solutions  by  putting  the  radicals  in  brackets:  Cu(NOj)j,  Ba(OH)». 
These  are  called  reaction  formulae,  and  their  object  is  to  exhibit  the 
modes  of  action  of  the  substance.  Now  the  modes  of  action  of  a 
single  substance  are  often  rather  various,  and  one  and  the  same 
structural  formula  cannot  represent  all  of  these  at  once.  We  have 
observed  this,  particularly,  with  the  oxygen  acids.  Thus,  H1.SO4 
expresses  the  mode  of  activity  in  dilute  solution  and  often  when 
no  solvent  b  present,  as  in  the  action  on  chlorides  (p.  206)  and 
nitiates  (p.  526).    But  when  all  the  hydn^n  of  ap  acid  is  not  ioniz- 
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able,  we  r^ard  that  which  is  so  as  pftrt  of  an  hydroxy)  group  in  the 
parent  molecules,  and  the  rest  as  being  attfM:hed  to  the  characteristic 
non-metal  of  the  acid,  as,  for  example,  in  phosphorous  acid  (p.  561; 
<jf,  pp.  442, 540).  Thus,  we  should  write  phosphorous  acid  HPO(OH)i, 
instead  of  HtFOgH,  to  chronicle  this  fact.  So  also  the  formula 
FOHi(OH)  is  used  for  hypophosphorous  acid.  Molecular  actions, 
such  as  those  of  sulphiuic  acid  S(^(OH)i  (p.  272),  are  well  shown  by 
these  formulsB: 

SOi(OH),  +  2HBr  -»  SO,  +  2H,0  +  Br,. 

It  must  be  noted  particularly  that  this  sort  of  formula,  when  the  sub- 
stance for  which  it  stands  is  an  acid,  represents  Only  some  features 
in  the  behavior  of  the  anhydrous  substance  and  of  the  molecules,  and 
not  the  ionic  action  in  solution.  A  formula  like  Ba(OH)i,  where  the 
material  is  a  base,  on  the  other  hand,  represents  both  the  ionic  and  the 
molecular  behavior.  The  graphic  formula  is  more  general  (ef.  p.  540) . 
It  shows  all  these  relations,  and  often  still  others,  but  none  of  them  ao 
specifically. 

Sulphidea  of  Phosphorua. — White  phosphorus,  when  heated 
with  sulphur  unites  with  explosive  violence.  By  usng  red  phos- 
phorus the  action  can  be  controlled.  By  employing  the  proper 
proportions,  the  pentaaulphide  P^t  is  secured.  It  is  piuified  by 
distillation  from  a  retort  in  which  a  current  of  carbon  dioxide  is 
mMntained  (see  below).  The  distillate  solidifies  to  a  yellow,  crystal- 
line sohd  (m.-p.  290",  b.-p.  515°).  Materials  undergoing  chemical 
chaise,  which  are  to  be  kept  at  a  constant,  high  temperature,  are 
often  placed  in  tubes  suspended  in  the  vapor  of  the  pentasulphide. 
When  a  lower  temperature  is  required,  boiling  sulphur  (445")  is  used. 

DiitilUtlon  in  a  str«am  of  loms  Inactive  gas  is  a  common  means 
of  distilling  under  reduced  pressure  (cf.  p.  316).  The  dilution  of  the 
vapor  lowers  its  partial  pressure,  just  as  would  evacuation.  This  plan 
has  the  advantage,  however,  of  sweeping  the  vapor  away  from  the 
heated  region  into  the  condenser,  and  so  dinunishing  the  amount  of 
decomposition.  In  dealing  with  compounds  of  carbon,  a  current  of 
steam  is  often  used  for  the  above  purposes.  It  enables  us  also  to  sepa- 
rate a  slightly  volatile  substance  from  one  which  is  almost  involatile. 

Phosphorus  pentasulphide  is  bydrolyzed  by  cold  water,  and  acts 
upon  other  substances  cont^ning  hydroxyl  when  heated  with  them, 
the  actions  being  ^milar  to  those  of  the  pentachloride  (p.  555) : 
PtS.  -I-  8H^  -*  2HJP0i  +  5H»S. 
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Other  sulphides,  PtS*  (used  in  makiiig  matches,  p.  552),  and 
P4ST,  may  be  preptured  by  udi^  the  constituents  in  the  proportions 
represented  by  these  fonnulse. 

Comparison  of  Phosphorus  unth  Nitrogen  and  with  Sul- 
phur. —  Although  phosphorus  and  nitrogen  are  regarded  as  belong- 
ing to  one  family,  the  differences  between  them  are  more  conspicuous 
than  the  res^nblances.  The  latter  are  confined-  almost  wholly  to 
matters  concerned  with  valence.  The  differences  are  seen  in  the 
facts  that  nitrogen  is  a.  gas,  while  phosphorus  is  a  sohd  occurring 
in  two  varieties,  and  that  the  former  is  inactive  and  the  latter  active. 
The  contrasts  betVeen  phosphine  and  anmionia  (pp.  553-554)  and 
between  the  halidea  of  the  two  elements  (p.  554)  have  been  noted 
already.  The  pentoxide  of  nitrogen  decomposes  spontaneously;  that 
of  phosphorus  is  one  of  the  most  stable  of  compounds.  Nitric  acid 
is  very  active,  both  as  an  acid,  And  as  an  oxidizing  agent;  the  phos- 
phoric acids  are  quite  the  reverse. 

On  the  other  hand,  the  resemblance  of  phosphorus  to  sulphur  is 
marked.  Both  are  sohda,  existing  in  several  forms.  Both  yield 
stable  compounds  with  oxygen  and  chlorine.  The  hydrogen  com- 
pounds interact  with  salts  to  give  phosphides  of  metals  and  sulphides 
of  metals,  respectively.  Against  these  must  be  set  the  facts,  that 
hydrogen  sulphide  does  not  unite  with  the  hydrogen  hahdes  at  all, 
while  phosphine  gives  the  phoephonium  halides,  and  that  phosphoric 
acid  is  bard  to  reduce  while  sulphuric  acid  is  reduced  with  compara- 
tive eaae. 

Exerdaea. —  1.  Ebcplain  the  effect  of  sulphuric  add  in  setting 
fire  to  the  earliest  matches  (p.  552). 

2.  Make  a  brief  definition  of  a  substance  which  sublimes 
(p.  555). 

3.  Why  would  a  mixture  of  potassium  dichromate  and  hydro- 
chloric acid  (p.  418)  be  less  suitable  than  nitric  acid  for  making 
phosphoric  acid  from  red  phosphorus? 

4.  Why  is  not  the  tertiary  phosphate  of  sodium  (p.  559)  decom- 
posed by  heating?  What  tertiary  phosphates  would  be  decomposed 
by  this  means? 

5.  Formulate  the  hydrolyses  of  the  secondary  and  tertiary 
sodium  orthophosphates  as  was  done  for  sodium  sulphide  (p.  418). 

6.  How  should  you  prepare  CsiPiOj  and  Ca(POi)»? 

7.  Wliat  product  should  you  confidently  expect  to  find  after 
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beating,  (a)  Bodium  phosphite  NaaHPOj,  (6)  patassum  hypophosphite 
(p.  561)?    Make  the  equations. 

8.  Compare  the  elements  chlorioe  and  phosphorus  after  the  man- 
ner of  the  comparisons  on  p.  564. 

9.  What  are  the  valences  of  the  non-metals  in:  H1S1O7,  HjCrjO?, 
KMnO*,  KHjPO,,  HJSrO,,  NaH^PO,,  Na,PO»?  Name  these  sub- 
stances. 

10.  Is  it  oxidation  or  reduction,  or  neither,  when  we  make,  (o) 
N1O4  from  HNO„  (jb)  SO,  from  H,SO„  (c)  HPO,  from  HJO,,  (d) 
HiSiOt  from  ^SO*,  (e)  Na^Oi  from  NaHSO*? 
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CHAPTER  XXVni 
CABBOll  AMD  THE  OXIDES  OT  CARBON 

The  Chemical  Relations  of  the  Element.  —  The  elements  of 
the  carbon  family  are  carbon,  eilicon,  germanJuni,  tin,  and  lead 
(see  Periodic  system).  Of  these  the  first  two  are  entirely  non- 
metallic,  while  the  others  are  metallic  elements  showing  more  or  less 
strong  resemblances  to  the  non-metals.  All  these  elements  are 
quadrivalent  as  r^ards  the  maximum  valenoe  which  they  exhibit. 
With  the  exception  of  sihcon,  however,  they  all  form  many  com- 
pounds in  which  they  are  bivalent. 

The  chemistry  of  the  compounds  of  carbon  is  an  exceedingly  ex- 
tensive and  complex  subject.  It  is  commonly  known  as  oiftnln 
chomlRbT.  on  account  of  the  fact  that  the  majority  of  the  substances 
composing,  and  produced  by,  living  oi^anlsms  are  compounds  of 
carbon,  and  that  it  was  at  first  supposed  that  their  artificial  produc- 
tion, e.g.,  without  the  intervention  of  life,  was  impos^ble.  But  many 
natural  organic  products  have  now  been  made  from  Ampler  ones  or 
from  the  elements,  a  process  called  qmtliails,  and  the  preparation  of 
the  others  is  delayed  only  in  consequence  of  difficulties  caused  by 
their  instabiUty  and  complexity.  On  the  other  hand,  thousands  erf 
carbon  compounds,  unknown  to  animal  or  vegetable  life,  including 
many  valuable  drugs  and  dyes,  have  now  been  added  to  the  cata- 
logue of  chemical  compounds.  More  than  200,000  different  com- 
pounds containing  carbon  are  known,  and  thousands  are  added 
every  year. 

The  elements  entering  into  carbon  compounds  are  chiefly  hydrc^en 
and  oxyg^i.    After  these  come  nitrogen,  the  hal<%ens,  and  sulphur. 

Carbon 

Occurrence.  —  Large  quantities  of  carbon  are  found  in  the  free 
condition  in  nature.  The  diamond  is  the  purest  natural  carbon,  and 
at  the  same  time  the  feast  plentiful.  Graphite,  or  plumbago,  wluch  is 
the  next  purest,  is  found  in  limited  amounts,  and  is  a  valuable  mineral. 
Coal  occurs  in  numerous  forms,  but  much  of  it  contains  no  free  carbon. 
Small  quantities  of  the  free  element  have  been  found  in  meteorites. 
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In  oombinatioo,  carbon  is  found  in  marsb-gas,  or  methane  CH4, 
which  is  the  chief  compooent  of  natural  gas.  The  miceral  oils  consist 
almost  entirely  of  mixtures  of  various  compounds  of  cartxm  and 
hydrogeD.  Whole  geological  formations  are  composed  of  carbonates 
of  common  metals,  particularly  caldum  carbonate  or  limestone,  and 
a  double  carbonate  of  calcium  and  maguedum,  known  as  dolomite. 

Allotropic  Forms  cj  Carhon.  —  The  allotropic  (p.  315)  forms 
of  carbon  differ  very  strikingly  in  their  phydcal  properties.  The 
A\m.-mnnA  (dcnsity  3.5)  is  transparent,  crjrstalline,  and  very  hard. 
Ckaptait*  (dendty  2.3)  is  black,  lustrous,  and  very  soft.  Amcnpbous 
caibon  is  very  variable.  Thus  lampblack  (see  p.  596)  is  a  fine 
powder  of  neariy  pure  carbon,  charcoal  (see  p.  610)  shows  the 
structure  of  the  wood.  These  amorphous  fonns  can  best  be  dis- 
cussed after  the  materials  from  which  they  are  formed  have  been 
considered. 

That  all  the  forms  are  composed  of  the  same  element  is  shown 
by  the  fact  that  they  aiX  bum  in  oxygen  to  give  carbon  dioxide. 
Then,  too,  when  heated  strongly  in  absence  of  air,  diamond  and 
the  amorphous  forms  all  turn  into  graphite.  They  conttun  differ- 
ent amounts  of  chemical  energy,  however.  Thus,  when  1  g.  of 
each  is  burned,  diamond  ^ves  7870  cal.,  graphite  7835  and  sugar 
charcoal  (p.  438)  8040.  The  tendency  of  most  carbon  compounds, 
when  heated,  to  ebar,  ^ving  free  carbon,  is  used  as  a  tMt. 

T\w  Diamond.  —  Diamonds,  which  are  found  chieSy  in  Brazil 
and  South  Africa,  are  scattered  sparsely  through 
metamorphic  and  volcanic  rocks  which  seem  to 
have  undergone  secondary  changes.  They  are 
covered  with  a  crust  which  entirely  obscures  their 
luster,  and  possess  natural  crystalline  forms  be- 
longing to  the  regular  system.  A  form  related  to 
the  octahedron  (p.  172)  ia  frequently  observed. 
It  should  be  noted  that  this  natural  form  bears  no 
relation  whatever  to  the  pseudo-crystalline  shape 
which  is  conferred  upon  the  stone  by  the  diamond- 
cutter.  Thus,  a  "brilliant"  possesses  one  rather 
large,  flat  face,  which  forms  the  base  of  a  many 
sided  pyramid  (Fig.  126,  showing  two  views).  This 
form  is  given  to  the  stone,  in  order  that  the  max- 
imum reflection  of  light  from  its  interior  may  be  produced.    The 
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diamond  ia  harder  (see  Appendix  II)  than  any  other  variety  of 
matter,  with  the  exception,  perhaps,  of  one  carbide  of  boron,  while 
only  one  or  two  other  materials,  like  carborundum,  approach  it. 
Hence,  it  can  be  scratched  or  polished  only  by  rubbing  with 
diamond  powder.  It  is  the  denssst  form  of  carbon  (density  3.5). 
The  colorless  stones,  and  occasional  specimens  with  special  tints 
(like  the  blue,  Hope  diamond)  are  the  most  valuable.  The  black 
("carbonado")  and  discolored  specimens  are  used  for  grindii^  and 
glass  cutting.  Mounted  round  the  edge  of  a  tube,  they  are  used 
for  drilling  rock,  so  that  a  cylindrical  specimen  of  the  whole  of  the 
strata  can  be  secured  for  examination.  All  forms  of  carbon  are 
liuolubk  in  all  liquids  at  room  temperature.  Molten  iron  iq.v.} 
dissolves  five  or  six  per  cent,  part  of  which  goes  into  combination. 
The  diamond  is  a  nonconductor  of  electricity.  Diamonds  are  sold 
by  the  new  international  carat,  200  mgms.  (old  carat,  4  gruns  = 
205  mgms.),  and  the  value  increases  with  the  size.  Thus,  a  first 
quality,  cut  stone  of  1  carat  is  worth  about  $270,  one  of  2  carata 
about  1340  per  carat.  The  largest  diamond  known,  the  Cidlinan 
(1905),  weighed  3032  (old)  carats  (621  g.  or  1.37  lbs).  It  was  pre- 
sented by  the  Transvaal  government  to  King  Edward  YII,  and  was 
cut  into  stones  of  516.5  and  309  carats  and  many  smaller  ones. 
Other  lar^e  stones  are  the  Nizam  (277  carats) ,  the  Jvbiiee  (239  carata) , 
and  the  Kohinoor  (106  carats). 

The  diamond,  although  it«  origin  in  nature  is  still  a  matter  of  uncer* 
tmnty,  has  been  made  artificially.  Moissan  (1887)  dissolved  carbon 
in  molten  iron  and,  after  chilling  the  mass  so  as  to  produce  a  soUd 
crust,  which  by  its  shrinkage  severely  compressed  the  iutmor, 
allowed  the  whole  to  cool  very  slowly.  Portions  of  the  interior 
of  the  ingot  were  treated  with  acid  to  dissolve  the  iron,  and  amongst 
the  insoluble  particles  were  recognized  a  few  microscopic  fragments 
(none  larger  than  0.5  mm.)  which  exhibited  the  form  and  hardness 
of  the  diamond.  The  greater  part  of  the  carbon,  however,  appeared, 
as  usual,  as  graphite. 

Graphite.  —  Graphite  (Gk.  yfli<^,  I  write)  or  plumbago  is 
foimd  in  Cumberland,  Siberia,  Ceylon  (1913,  28,500  short  tons), 
Canada,  and  Austria  (1912,  50,000  short  tons).  It  is  composed  of 
glittering,  slippery  scales.  Good  crystals  are  seldom  found  (hexagonal 
system).  The  mineral  is  extremely  soft,  in  utter  contrast  to  the 
diamond,  and  has  a  lower  density  (2.3).  It  also  conducts  electricity. 
It  is  now  mads  artiflolallr  by  an  electro-thermal  process  (^.  p.  549), 
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the  production  in  the  U.  S.  being  2542  short  tons  (1915).  A  power- 
ful alternating  current  is  passed  through  a  mass  of  granular  anthra- 
cite, mixed  with  pitch  and  a  little  sand  (Acheson's  process).  The 
mixture  (3  tons)  is  piled  between 

the  electrodes  (Fig.  127)  and,  on  , 

f^count  of  its  high  resistance,  ■ 

becomes  strongly  heated.    The 
change  occupies  24-30  hours. 

Graphite  is  now  used  exclu- 
sively for  making  the  anodes  in 
the  electrolytic  manufacture  of 
chlorine  and  in  related  processes.  p,a.  127. 

Mixed  with  fine  clay  it  forms  the 

"lead"  of  lead  pencils,  first  used  in  the  sixteenth  century.*  Mixed 
with  clay  it  is  used  also  for  making  crucibles,  which  withstand  high 
temperatures  and  serve  for  melting  and  casting  steel  and  high  melt- 
ing alloys.  As  "black-lead"  it  forms  stove  polish,  the  layer  of  fine 
scales  protecting  the  iron  against  rusting.  It  is  employed  as  a 
lubricant  in  cases  where  oil  would  be  decomposed  by  the  heat  and 
where  wooden  surfaces  are  in  contact. 

Chemical  Properties  of  Carbon.  —  Diamond,  graphite,  and 
amorphous  carbon  probably  differ  from  one  another,  not  merely  in 
physical  properties,  but  also  chemically.  CertMnly  the  stability  of 
compounds  containing  many  units  of  carbon  in  their  molecules  indi- 
cates a  great  tendency  of  carbon  to  combine  with  itself,  and  gives 
plausibility  to  the  belief  that  the  molecule  of  free  carbon  may  itself  be 
complex.  Differences,  iu  the  arrai^ement  of  the  atoms  (p.  47iy 
account  for  the  variety  in  the  cryatalUne  forms  of  the  element. 
Amorphous  carbon  is  the  least  stable  of  the  three,  for  it  liberates  most 
heat  in  entering  into  combination.  Since  graphite  is  formed  at  high 
temperatures,  and  diamonds  turn  into  a  black  mass  under  the  same 
conditions,  we  may  presume  that  graphite  is  the  most  stable,  at  least 
at  3000°. 

The  most  common  uses  of  carbon  depend  upon  its  great  tendency 
to  nnlte  with  oxnon,  forming  carbon  dioxide  COj.  Under  some 
circumstances  carbon  monoxide  CO  (see  below)  is  produced.  Aside 
from  the  direct  employment  of  this  action  for  the  sake  of  the  heat 
which  is  liberated,  it  is  used  also  in  the  roduotlon  of  ores  of  iron, 

*  Priestley  was  the  first  to  miggeflt  the  use  of  caoutchouc  (raw  rubber)  aa 
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copper,  zinc,  and  many  other  metals.    When,  for  example,  finely 
powdered  cuphc  oxide  and  carboQ  are  heated,  copper  is  obtained. 
The  gas  given  oS  is  either  carbon  dioxide,  or  a  mixture  of  this  with 
carbon  monoxide,  according  to  the  proportion  of  carbon  used: 
CuO  +  C  ->   Cu  +  CO, 
2CuO  +  C  ^  2Cu  +  COs. 
The  union  with  b7drog«ii  is  ordinarily  too  slow  to  be  observed. 
But  when  the  carbon  is  mixed  with  pulverized  nickel  {contact  agent), 
and  hydrc^en  is  passed  over  the  mixture  at  250°,  methane  CH* 
b  formed  (99  per  cent).     The  action  is  reversible  and  exothennal, 
and  is  therefore,  at  higher  temperatures,  less  complete  {c/.  p.  305), 
at  850°  reaching  only  1.5  per  cent.     On  the  other  hand,  an  electric 
arc,   between  carbon  poles  in  an  atmosphere  of  hydrogen,  gives 
traces  of  acetylene  C^Hi  {q.v.)  this  action  being  endothermal.     The 
other  compounds  of  carbon  and  hydrogen  are  all  obtained  by  indirect 
reactions. 
\\\\\  At  the  high  temperatures  produced  in  the  electric  furnace,  carbon 
NuutM  with  many  metals  and  some  non-nMtals.     Compounds  formed 
in  this  way  are  known  as  carbidas,  such  as  aluminium  carbide  AltCj, 
calcium  carbide  CaCs,  and  carborundum  CSi  (see  below). 

Carbon  Diaulphide  CS^.  —  This  compound  is  made  by  direct 
union  of  sulphur  vapor  and  glowing  charcoal.  An  electric  furnace 
like  that  in  Fig.  125  (p.  548)  is  employed.  The  substance  comes  off 
as  a  vapor  and  is  condensed. 

Carbon  disulphide  is  a  colorless,  highly  refracting  liquid  (b.-p. 
46°).  Traces  of  other  compounds  give  the  commercial  article  a 
disagreeable  smell.  It  bums  in  air,  forming  carbon  dioxide  and 
sulphur  dioxide.  It  is  an  important  solvent  for  sulphur  and  caout- 
chouc (rubber),  and  dissolves  iodine  and  phosphorus  freely.  Large 
quantities  are  employed  also  in  the  destruction  of  prairie  d<^  and 
ants,  and  for  freeing  grain  elevators  of  rats  and  mice. 

Ctrbon  Tetrachloride  CCU-  —  This  compound  is  manufac- 
tured^^y  leading  dry  chlorine  into  carbon  disulphide  containing 
a  little  iodine  (contact  (^ent)  in  solution: 

CSj  +  3Cli  ■->  ecu  +  StCl,. 
The  carbon  tetrachloride  (b.-p.  77°)  is  first  distilled  off,  and  the 
sulphur  monochloride  (b.-p.  136°)  is  purified  for  use  in  vulcanising 
rubber. 


bv  Google 


CARBON  AND  THE  OXIDES  OF  CARBON 


571 


Carbon  tetrachloride  is  a  colorless  liquid  which  dissolves  fats, 
tars,  and  many  other  organic  compounds.  It  is  used  to  take  the 
oil  or  grease  out  of  wool,  Unen,  oil-bearing  seeds  and  boaes.  It  has 
a  great  advantage  over  gasoline  (petrol)  and  benzine  (see  p.  586), 
which  can  be  used  for  similar  purposes,  in  that  it  is  non-inflaitunable. 
"Carbons,"  used  for  removing  stains  from  clothii^,  gloves,  and 
shoes,  is  benzine  to  which  sufficient  carbon  tetrachloride  has  been 
added  to  render  the  mixture  non-inflammable.  "Pyrene"  fire 
extinguishers  contMn,  mainly,  carbon  tetrachloride.  The  tem- 
perature of  the  burning  material  is  lowered,  because  beat  is  con- 
sumed in  vaporizing  the  liquid  and,  at  the  same  time,  the  vapor 
displaces  the  air  and  stops  the  combustion. 

Catdum  Carbide  CaCt  and  Carborundum  SiC,  —  Calcium 
carbide  is  manufactured  in  an  electric  furnace  (Thomas  Willson, 
a  Canadian)  by  the  interaction  of  finely  pulverized  limestone  or 
quickhme  with  coke: 

CaO  +  3C  -» CaCt  +  CO. 

The  operation  is  a  continuous  one,  the  materials  beii^  thrown  into  the 
left  dde  of  the  drum  (Fig.  128,  diagrammatic),  and  the  product  re- 
moved on  the  right.  The  car- 
bon poles  are  fixed.  The  arc 
havii^  been  established,  the 
drum  is  rotated  slowly  as  the 
carbide  accumulates.  The  cur- 
rent enters  by  one  carbon,  passes 
through  the  carbide,  and  leaves 
by  the  other.  The  high  resist- 
ance of  the  partially  trans- 
formed material  causes  the  pro- 
duction of  the  heat.  When  the 
action'  in  one  layer  approaches 
completion,  the  resistance  falls, 
the  current  increases,  and  an 
armature  round  which  the  wire  . 
passes  (not  shown  in  Fig.  128)  Fio.  i2b. 

comes  into  operation  and  turns 

the  drum.  In  this  way  the  carbide  just  formed  is  continuously 
moved  away  from  the  carbons,  and  new  material,  introduced  on 
the  left,  falls  into  the  path  of  the  current.    The  iron  plat«s  which 
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fonu  the  circumference  of  the  drum  are  added  on  the  left  and  re> 
moved  on  the  right,  where  alao  the  carbide  is  broken  out  with  a 
chisel.  The  drum  revolves  once  in  about  three  days.  The  product 
is  uaed  for  making  acetylene  iq.v.). 

Carborundum,  or  carbide  of  sihcon  SiC,  of  which  hundreds  of 
tons  are  manufactured  amiuaUy  at  Nia^ra  Falls  (Acheson's  process), 
is  made  in  an  electric  furnace  of  the  type  shown  in  Fig.  127  (p.  569). 
A  mixture  of  coke  and  sand  (eilicon  dioxide  SiOi),  containing  some 
sawdust,  is  jnled  between  the  terminals,  with  a  core  of  granular 
carbon  to  carry  moet  of  the  current.  The  resistance  produces  a  high 
temperature  (1950°),  and  the  sand  is  reduced: 

3C  +  SiO,-*SiC  +  2CO. 

The  carborundum  remains,  often  in  beautifully  crystalline  form. 
It  is  exceedingly  hard  (Appendix  II),  and  after  pulverization  and 
piiying  with  a  filler,  is  molded  into  grinding  wheels  and  whetstones. 
Carborundum  decomposes  at  2220°.  It  is  not  affected  by  water 
or  adds,  but  is  decomposed  by  alkalies. 

The  Oxides  of  Carbon.  —  Four  oxides  of  carbon  are  known, 
of  which  two,  namely  the  dioxide  C0»  and  the  monoxide  CO,  are 
familiar.  Carbon  suboxide  C»Oj,  and  mellitic  anhydride  CuO«  (50 
per  cent  carbon  and  50  per  cent  oxygen)  are  best  classed  as  organic 
compounds.  Two  other  oxides,  CkOs  and  C«0«,  are  known  only  in 
the  hydrated  forms,  namely  leuconic  atnd  and  triquinoyl,  respectively. 

Cabbon  Dioxidb  anp  Cabbonic  Acid 

Occurrence.  —  Carbon  dioxide  is  present  in  the  atmosphere, 
and  issues  from  the  ground  in  large  quantities  in  cert^n  nmgbboT^ 
hoods,  as,  for  example,  near  the  Lake  of  Laach,  in  the  so-called 
Valley  of  Death  in  Java,  and  in  the  Orotta  del  Cane  near  Naples. 
Effervescent  mineral  waters  contain  it  in  solution,  and  their  effer- 
vescence is  caused  by  the  escape  of  the  gas  when  the  pressure 
is  reduced.  Well-known  waters  of  this  kind  are  those  of  S^ters 
(whence,  by  a  di^ular  perversion,  the  English  word  aeiUer  is  de- 
rived), of  Vichy  and  of  the  Geyser  Spring  at  Saratoga. 

Modes  of  Formation.. —  1.  Carbon  dioxide  is  produced  by 
combustion  of  carbon  with  an  exce^  of  oxygen:  C  +  Oi^CCV 
The  combustion  of  all  compounds  of  carbon,  as  well  as  the  slow  oodda- 

_   t;oosic 
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tion  in  the  tissues  of  plants  and  animals,  leads  to  the  formation  of  the 
same  substance.  The  product  from  burning  carbon  is  naturally 
mixed  with  at  least  four  times  its  volume  of  atmospheric  nitn^en. 
To  secure  carbon  dioxide  for  commercial  purposes  from  this  source, 
the  gas  is  led  under  pressure  into  a  solution  of  potaa^um  carbonate, 
which  absorbs  the  carbon  dioxide: 

COt  (gas)  ^  CO,  (dslvd)  +  H,0  t^  H,Ca  +  K,CO,  ^  2KHC0,. 

When  the  pressure  is  reduced  by  a  pump,  all  the  actions  are  reversed, 
and  the  gas  escapes  in  pure  form.  The  same  solution,  with  occa^onal 
purification,  can  be  used  an  indefinite  number  of  times. 

2.  It  was  Joseph  Black  (1757)  who  first  recognized  the  gas  as  a 
distinct  substance.  He  observed  its  formation  when  marble  or  mag- 
nedum  carbonate  was  heated: 

CaCO,^CaO  +  COa, 

and  named  the  gas  "fixed  fur"  from  the  fact  that  it  wa^  contained  in 
these  solids.  The  above  action  had  been  used  for  centuries  in 
making  quicklime  (calcium  oxide).  All  common  carbonates,  except- 
ii^  the  normal  carbonates  of  potasdum  and  sodium,  decompose  in 
this  way,  leaving  the  oxide  of  the  metal  or  the  metal  itaelf  (p.  130). 

3.  Black  found  that  the  gas  was  also  produced  when  acids  acted 
upon  carbonates,  and  this  method  is  commonly  employed  in  the 
laboratory: 

CaCO,  (soUd)s?CaCO,  (dsIvd)i=tCa+++C03=)^„  P^  faTT-Oj-rn. 
2HC1  (dslvd)fc52a-+2H+    J^'^s^U.fcFH^U+OO,. 

Since  the  carbonic  acid  is  very  slightly  ionized,  the  action  is  like 
that  of  acids  on  sulphites  (p.  424).  Since,  however,  the  carbonate 
of  calcium  (marble)  is  very  slightly  soluble,  so  that  an  additional 
equilibrium  controls  its  solution,  the  action  is  hke  that  of  acids  on 
ferrous  sulphide  (p.  419).  The  apparatus  shown  in  Fig.  41  (p.  119) 
is  used. 

4.  Carbon  dioxide  is  also  a  product  of  the  fermentation  of  sugar 
(S-v.),  as  Black  had  the  credit  of  showing.  It  is  formed  also,  with  the 
assistance  of  bacteria,  in  the  decay  of  animal  and  vegetable  matter 
(p.  91). 

Physical  Properties.  —  Carbon  dioxide  is  a  colorless,  odorless 
gas.  It  is  one-half  heavier  than  air.  The  G.M.V.  weighs  44.26  g. 
The  critical  temperature  is  31.35°.    The  solid  melts  at  —56°,  having 
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a  vapor  pressure  of  5.3  atmospherea.  The  solid  has  a  vapor  p 
of  1  atmoe.  at  -  79".  The  density  of  the  liquid  at  0°  is  0.95.  At  0° 
its  vapor  tension  is  35.4  atmospheres  and  at  20°  59  atmospheres. 
It  must  be  preserved,  therefore,  in  very  strong  cylinders  of  mJld 
steel.  Large  quantities  of  it,  often  collected  from  fermentation  vata, 
are  sold  in  such  cyUnders,  and  used  in  operating  beer-pumps  and  in 
making  aerated  waters.  When  the  liquid  is  allowed  to  flow  out 
into  an  open  vessel  or,  bettor  still,  into  a  cloth  bag  (nonconductor 
of  heat),  it  cools  itself  by  its  own  evaporation  and  forms  a  white, 
snowlike  mass.  Solid  carbon  dioxide  evaporates  at  —79°  without 
melting,  ance  at  that  temperature  it  exercises  1  atmosphere  pressure, 
and  the  heat  from  the  surroundir^  is  used  as  heat  of  vaporization 
instead  of  being  employed  in  raising  the  temperature  to  the  meltii^- 
point  (-56°). 

The  solid  is  used  in  the  laboratory  as  a  cooling  agent,  beit^  often 
mixed  with  ether  to  give  closer  contact  with  the  vessel  (—80°). 
Mercury  (m.-p.  —40°)  is  easily  frozen  by  the  mixture. 

The  great  contrast  in  the  speeds  of  a  chemical  change  at  two 
temperatures  ((^.  p.  93)  may  be  illustrated  by  putting  a  minute  piece 
of  sodium  in  some  30  per  cent  hydrochloric  acid  which  has  been 
cooled  in  the  above  mixture.  Hardly  any  interaction  can  be  ob- 
served. But  if  the  temperature  of  the  acid  is  allowed  to  rise,  the 
action  becomes  more  and  more  rapid,  and  ends  by  being  explosively 
violent. 

Carbon  dioxide  gas  (760  mm.  and  15°)  dissolves  in  ita  own  volume 
of  water.  Up  to  four  or  five  atmospheres  Henry's  law  (p.  188) 
'describes  its  solubility  accurately.  An  aqueous  solution,  prepared 
under  a  pressure  of  8-10  atmospheres,  is  familiariy  known  as  lodft 
water,  or  carbonated  water. 

Chemical  Properties.  —  Carbon  dioxide  is  a  stable  compound. 
At  2000°  (760  mm.  press.)  the  dissociation  reaches  1.8  per  cent 
(2200°,  4.9  per  cent;  2500°,  15.8  per  cent) :  2C0i  ^  2C0  +  0»,  or 
about  the  same  as  that  of  water. 

The  more  active  metals,  like  magnesium,  bum  brilliantly  when 
ignited  in  a  hollow  lump  of  solid  carbon  dioxide,  producing  the  oxide 
of  the  metal  and  free  carbon.  Less  active  metals,  such  as  zinc  and 
iron,  when  heated  in  a  stream  of  the  gas,  pve  an  oxide  of  the  metal  and 
carbon  monoxide  {q.v.}. 

Carbon  dioxide  unites  directly  with  many  oxides,  particularly 
those  of  the  more  active  metals,  such  as  the  oxides  of  potasmum. 
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Bodium,  calcium,  etc.,  giving  the  carbonates.  Hence  the  decomposi- 
tion of  calcium  carbonate  by  heating  (p.  573)  is  a  revereible  action, 
which  proceeds  in  the  opposite  direction  when  a  sufficient  pressure  of 
carbon  dioxide  is  used  ((/.  p.  1^). 

Carbon  dioxide,  when  dissolved  in  water,  forms  an  unstable  acid : 

H,0  +  COi  fi  HjCOs,     or  ^q  +  C^        -»  ~      ^C  =  0 

H^  ^0  H-O'' 

The  name  carbonic  acid  is  frequently,  thov^h  improperly,  given  to 
the  anhydride  COi,  which  has  no  acid  properties. 

ChemieaX  Propertiea  of  Carbonic  Acid  HtCO».  —  The  solu- 
tion of  carbon  dioxide  in  water  exhibits  the  properties  of  a  weak  add. 
It  conducts  electricity,  although  not  well.  It  turns  litmus  red, 
though  not  BO  decidedly  as  do  stroi^  acids.  It«  feebleness  is  due, 
however,  not  exclusively  (b  the  small  d^ree  of  ionization,  but  also 
to  the  fact  that  ordinary  solutions  of  carbon  dioxide  are  necessarily 
very  dilute.  The  ionization  takes  place  chiefly  according  to  the 
equation: 

:H.CX>s?±H+  +  HCOr. 

In  a  deci-normal  solution,  less  than  two  molecules  of  the  acid  in  a 
thousand  are  ionised.  The  conditions  of  equilibrium  between  the  gas 
and  the  solution  are  precisely  similar  to  those  described  under  sul- 
phurous acid  (p.  444). 

Carbonates  and  Bicarbonate;  —  When  excess  of  an  aqueous 
solution  of  carbonic  acid  is  mixed  with  a  solution  of  a  base  like 
sodium  hydroxide,  or,  as  the  operation  is  more  usually  performed, 
when  carbon  dioxide  is  passed  directly  into  a  solution  of  the  alkali, 
water  is  formed  and  the  acid  carbonate  (blcarbonata)  of  sodium 
remains  dissolved: 

H^O,  J-  NaOH  i=f  H,0  -I-  NaHCO,,     or     H+  +  OH"  ^  HjO. 

Although  the  bicarbonate  is  technically  an  acid  salt,  its  solution  is 
neutral  on  account  of  the  exceedingly  slight  dissociation  of  the  HCOa~ 
ion.  By  addiUon  of  an  equivalent  of  sodium  hydroxide  to  the 
solution  of  the  bicarbonate  the  normal  carbonate  is  obtained: 

NaOH + NftHCO.f±  H,0  +Na»CO.,  or  OH"-!-  HCO,-«=t  H,0  +  C0.=. 
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This  Holution,  like  that  of  all  salts  of  a  strong  base  and  a  feeble  add 
{cf.  p.  399),  is  alkaline  in  reaction.  This  is  because  the  tendency  to 
form  the  very  slightly  ionized  HCO]~  makes  the  foregoing  i<»uc 
action  noticeably  reversible  (cf.  pp.  419,  559). 

The  nonnal  carbonatai,  with  the  exceptitm  of  those  of  potassium, 
Qodium,  and  ammonium,  are  insoluble  in  water,  and  may  be  obtuned 
by  precipitation  when  the  proper  ions  are  employed.    For  example: 

BaCl,  +  Na,C0»^BaC0,i  +  2NaCl,  or  Ba^  +  CO,=  j^BaCO,i. 

The  aqueous  solution  of  carbon  dioxide  interacts  with  solutions 
of  barium  and  caldum  hydroxides  in  a  similar  manner: 

Ca(OH),  +  H.CO,  £5  CaCO,i  +  2H,0. 

These  precipitations  are  used  as  toits  for  carbon  dioxide  and  as  a 
means  of  estimating  its  amount  in  a  sample  of  air  (p.  501). 

Excess  of  carbon  dioxide  converts  calcium  carbonate  into  the  more 
soluble  bicarbonate,  and  hence  considerable  quantities  of  "lime" 
(hardness,  q.v.)  are  frequently  held  in  solution  by  natural  waters, 
all  of  which  contain  carbon  dioxide  in  solution: 

HjCOa  +  CaCO,  f±  Ca(HCO,),. 

A  oonaderable  excess  of  carbon  dioxide  is  required  to  convert  the 
whole  of  the  carbonate  into  the  soluble  bicarbonate,  ance  the  action 
is  markedly  reversible.  In  the  same  fashion,  the  carbonates  of  iron 
FeCOt  (chalybeate  water),  magnesium,  and  zinc  are  dissolved  as 
bicarbonates  in  water  conttuning  free  carbonic  acid.  In  fact,  the 
solution,  transportation,  and  deposition  of  aD  these  carbonates  take 
place  in  nature  on  a  large  scale  by  the  alternate  progress  and  re- 
versal of  this  action. 

Vaea  of  Carbon  Dioxide.  —  The  employment  of  the  gas  for 
impregnating  aerated  waters  has  been  mentioned.  The  gas  is  used 
in  immense  quantities  in  the  manufacture  of  sodium  bicarbonate 
NaHCOi  (baking  soda),  of  sodium  carbonate  NaiCOi.lOHiO  (wash- 
ing soda),  and  of  white  lead,  a  basic  carbonate  of  lead  Fbt(OH)i(COt)i. 

Since  carbon  dioxide  is  already  fully  oxidized,  it  does  not  bum, 
and  since  it  is  very  stable,  ordinary  combustibles  will  not  bum  in 
it.  A  small  percentage  of  it  will  destroy  the  power  of  Mr  to  sap- 
port  combustion.  For  this  reason,  portable  fire  axtJnguislian 
contain  a  dilute  solution  of  sodium  bicarbonate,  and  a  bottle  of 
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Bulphuric  acid.  When  the  tank  is  inverted,  the  acid  flows  into  the 
solution: 

2NaHC0,  +  HiSO,  fi  NaiSO,  +  2H,C0,  ?±  2HiO  +  2C0,. 
The  liquid  is  saturated  with  the  gas  and  the  excess,  rising  to  the 
top,  by  its  pressure  forces  the  solution  out  through  the  nozzle.     The 
liquid  is  more  effective  than  an  equal  amount  of  water,  because 
the  carbon  dioxide  it  carries  mixes  with  the  suiroundii^  air. 

The  most  wonderful  chemical  chaise  whieh  carbon  dioxide 
undergoes  is  perhaps  the  most  useful  to  mankind,  and  at  the  same 
time  the  one  least  understood.  This  is  the  action  by  which  pUmts 
use  it  as  food  (see  p.  679). 

Cabbon  Monoxide  CO 

Preparation.  —  In  the  laboratory,  carbon  monoidde  may  be 
obttdned  by  heatii^  «»caUc  acid,  a  solid,  white,  crystalline  substance, 
in  a  flask  with  concentrated  sulphuric  acid.    The  latter  is  here 
employed  simply  as  a  dehydrating  agent  (p.  438) : 
HiCO*  -*  CO,  +  CO  +  H,0. 

To  obtain  pure  carbon  monoxide  from  this  mixture,  it  is  necessary 
to  remove  the  carbon  dioxide,  by  pasmi^  the  gas  through  a  solu- 
tion of  potas«um  hydroxide  contMned  in  a  wash  bottle.  By  uang 
fonnic  acid,  or  sodium  fonnate,  with  sulphuric  add,  the  presence 
of  the  carbon  dioxide  is  avoided;  HCHO,  -^  CO  +  HiO. 

We  commonly  observe  the  blue  flame  of  burning  carbon  mon- 
oxide playing  on  the  surface  of  a  coal  fire.  The  gas  is  produced  by 
the  passage  of  the  carbon  dioxide,  which  is  first  formed,  through 
the  upper, layers  of  heated  coal:  CO3  +  C— ♦2C0.  A  similar 
reduction  of  carbon  dioxide  is  produced  when  the  gas  is  led  over  a 
metal,  such  as  zinc,  and  heat  is  appUed:   CO,  +  Zn  — » ZnO  +  CO. 

Producer  Gas  and  Water  Gaa.  —  When  coke  and  air  are  used 
in  the  reaction  mentioned  above,  the  mixture  of  carbon  monoxide 
(about  33  per  cent)  and  nitrogen  (about  66  per  cent)  obtained  is 
called  int>ducar  gw.  It  is  combustible  and  is  used  in  factories  for 
heating  and  to  drive  gas  engines  for  power. 

When  steam  is  driven  through  white  hot  coke  or  anthracite,  a 
mixture  of  hydrogen  and  carbon  monoxide,  known  as  v»t«r  km 
is  produced: 

C  +  H,0  -» CO  +  H,  ~  28,300  cal. 
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Tbe  coke,  [nled  in  a  brick-tiaed,  cyHndrical  structure,  is  brou^ 
to  vigorous  combustioQ  by  blowing  in  fur  for  ten  minutes.  Then 
eteam  is  Bubetituted  for  the  air.  Since  the  interaction  takes  place 
with  absorption  of  heat  (is  endothermal,  see  equation),  in  about 
five  minutes  the  coke  becomes  too  cool.  Air  is  then  substituted 
for  steam,  and  so  on  alternately.  The  gas  is  collected  while  tbe 
steam  is  turned  on,  and  contuos  equal  volumes  of  the  two  gasea, 
together  with  Bomfi  carbon  dioxide  (4—7  per  cent),  nitrc^en  (4r-5 
per  cent)  and  oxygen  (1  per  cent).  The  gas  is,  ^erefore,  almost 
wholly  combustible  and  is  used  as  a  source  of  heat,  and  for  driving 
gas  engines  to  furnish  power.  It  is  used  also  for  making  Ulumin&t- 
ii^  gas  iq.v.).  Since  carbon  monoxide  is  more  e&fflly  liqu^ed  than 
is  hydrc^en,  the  l&tter  gas  is  obttuned,  for  commercial  use,  by  passing 
water  gas  through  a  liquefier. 

Wh«i  both  steam  and  air  are  driven  tog^her  over  burning  ocdce, 
tbe  latter  is  able  to  bum  continuously,  and  a  fuel  gas  whioh  is  a 
cross  between  producer  gas  ajid  wat«r  gas  is  obtained. 

Fuel  gases  are  used  cm  a  large  scale  in  steel  woiks,  and  other 
factories.  Th^  ^ve  a  uniform  and  easily  r^ulated  heat,  they 
leave  no  ash,  and  thdr  use  involves  no  labor  for  stoking.  As  gases, 
also,  they  can  be  used  in  sbuctures  in  which  coal,  as  s  ac^d,  oould 
not  be  employed.  — 

Phyncal  Properties,  —  Carbon  monoxide  is  a  colorieas  gas, 
with  a  metaUic  taste  and  odor  (poisonous I).  It  ia  very  slightly 
soluble  in  water.  Its  density  is  almost  the  same  as  that  of  sir,  for  the 
G.M.V.  weighs  28  g.    When  Uquefied  it  boils  at -190°. 

Chemical  Properties.  —  All  the  chenical  propertiea  of  carbon 
monoxide  are  referable  to  the  fact  that  in  it  the  element  carb<Mi 
is  bivalent:  C  —  O.  Tbe  compound  is  in  fact  unuturatod,  and 
combines  with  oxygen,  chlorine,  and  other  substances  direct^. 
Thus  the  gas  bums  in  the  fur,  imitii^  with  axygsa  to  form  carbon 
dioxide.  Again,  iron  {q.v.)  is  manufacttued  by-  the  reduction  of  tbe 
oxide  (tf  iron  ^yy  gaseous  carbon  m<moxide  in  the  blast  furnace: 

FeA  +  SCO  T±  2Fe  +  SCO,. 

In  sunlight  carbon  monoxide  unites  directly  mth  chlorine  to  fonn 
carixnyl  chloride  COCli.  It  is  absorbed  by  a  solution  of  cuinous 
chloride  in  hydrochloric  actd,  forming  a  compound  said  to  be 
CuCOCljBiO.     It  unites  directly  with  certain  metals,  notaUy 
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nickel  and  iroD,  with  which  it  forms  the  so-called  nickel  carbonyl 
Ni(CO)*  iq.v.)  and  iron  carbonyl,  respectively.  The  gaa  reduces 
Fehling's  solution  iq.v.),  and  precipitates  Mlver  from  ammonio-slver 
nitrate  solution. 

The  gas  is  an  active  poison.  When  inhaled  it  unites  with  the 
hiNoc^lolnu  of  the  blood,  to  the  excluaon  of  the  oxygen  which 
forma  with  the  luemc^obin  a  less  stable  compound  ((/.  p.  02).  A 
quantity  equivalent  to  about  10  c.c.  of  the  gas  per  kilo,  wdght  of  the 
ftnimul  is  sufficient  to  produce  death,  about  one-third  of  the  whole 
h^noglobin  having  entered  permanently  into  combination  with 
carbon  monoxide.  One  volume  in  SOO  volumes  of  air  produces 
death  in  about  thirty  minutes.  This  gas  ia  the  chief  poisonous 
substance  in  illuminating  gas.  The  poisonous  efTect  of  tobacco 
smoke,  when  inhaled,  is  partly  due  to  the  carbon  monoxide  pro* 
duced  by  incomplete  combustion.  Nicotine,  although  contained  in 
tobacco  leaves,  is  unstable,  and  is  decomposed  by  the  heat.  Traces 
of  other  irritant  organic  compounds,  however,  are  contained  in  the 


Hie  quantitiee  of  heat  ffna  out  t:^  tie  wiccoatiTO  muaofl  of  two  imMi  cf  osfi 
gen  with  one  unit  oC  amorpbom  carbtm  are  worth  reoortUng: 

C  +  O->CO  +  2g,650caloriM,    and    CO +  0-> CO.  +  68,000 calarin: 

It  wiU  be  seen  that  the  addition  of  the  second  atom  i^  oxygen  appears  to  oauae  the 
evolution  of  a  very  much  lai^er  amomit  of  beat  than  does  that  at  the  fiist.  Ik 
must  be  remembered,  however,  that  the  carbon  monoxide  is  gaaetnlB,  while  ^fi 
carbon  in  the  first  equation  is  Bohd.  The  heats  produced  by  the  nniau  of  the 
two  unita  are  probably  not  very  diSerent,  but  in  the  first  case  a  large  amount  of 
tbe  beat  is  need  up  in  bringing  the  carbon  into  the  gaseous  condition. 

Carbon  Suboxide  CfOt.  —  This  onde  is  obtained  by  tbe  action 
of  phosphorus  pentoxide  (dehydrant)  on  malonic  acid.  Hi(CQO^H> 
-*2HiO  +  C»(^T.  It  ia  a  colorless  liquid,  bfflling  at  r.  The  vapor 
has  an  unpleasant  odor.  With  water  it  ^ves  mslonic  add,  of  which 
it  is  the  anhydride.  If  kept  for  a  day,  it  changes  into  a  dai^  red 
adS.d  oS  tbe  same  composition. 

Carbon  Dioxide  as  PUmt  Food.  ~  The  walls  of  tbe  ceDs  wbicdl 
form  the  framework  of  a  plant  are  made  of  cellulose  (CsHm^),. 
In  the  cells,  especially  those  in  certain  parts  of  the  plant,  granules 
of  starch  (C«HigOi),  are  found,  and  in  the  fruit,  sugars  C«HitO«  or 
CuHtfOii  are  stored,    llie  t^ant  contains  also  protdns.    These  sub* 
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stances  contain  carbon,  hydrc^en,  oxygen,  nitrogen,  sulphur,  and  pho»- 
phorus,  and  plant  food  must  furnish  these  elements.  Compoutuls  of 
potasmum  are  also  required.  Hence,  in  addition  to  large  amoimts 
of  water  asceoding  thinugh  the  roots  and  stem,  carrying  sufficient 
quantiliea  of  soluble  compounds  of  the  four  dements  last  named,  all 
plants  require  an  abundant  supply  of  carbon  in  absorbable  form. 
Now,  this  comes  from  atmospheric  carbon  dioxide,  admitted  through 
minute  openinga  (stomata)  ^tuated  mainly  on  the  lower  surfaces  of 
the  leaves.  Comparison  of  the  formulte  COi  and  CgHuOt,  shows  at 
once  that  the  as^milation  of  the  carbon  dioxide  of  the  plant  must 
involve  reduction.  The  chlorophyll  (green  matter)  and  protoplasm 
in  the  leaves  act  upon  the  carbon  dioxide,  causing  oxygen  gas  to  be 
liberated.  It  is  believed  that  the  carbon  dioxide  is  reduced  to  formal- 
dehyde CHjO,  and  from  this  sugars  can  be  made  in  the  laboratory: 
SCHiO  —*  C)HuO».  It  is  supposed  that  the  various  chemical  com^ 
pounds  which  plants  construct  in  large  quantities,  such  as  sugar, 
starch,  and  cellulose,  are  built  up  as  the  result  of  actions  like  this. 
In  a  rough  fashion,  and  disr^arding  the  steps  by  which  the  process 
takes  place,  we  may  represent  the  chemical  change  hy  means  of  the 
tbermochemical  equation: 

6C0a  +  5H,0  +  671,000  cal.  -*  CbHioO,  +  6(V  " 

These  figures  indicate  roughly  (p.  35)  the  amount  of  enei^  stored  for 
cellulose,  and  the  values  for  the  other  compounds  are  of  the  same 
order.  This  action  goes  on  only  in  sunlight  (see  next  section)  and  if 
green  leaves  are  placed  under  water  saturated  with  carbon  dioxide, 
oxygen  is  given  off  and  can  be  collected. 

The  enormous  amount  of  energy  absorbed  in  the  action,  and 
represented  in  terms  of  heat  in  the  equation,  is  furnished  by  the 
sunlight.  It  may  be  added  that  plants,  like  animals,  also  use  some 
oxygen  and  produce  some  carbon  dioxide,  but  this  process  is  entirdy 
overborne  in  daylight,  and  is  noticeable  only  in  the  dark. 

The  energy  that  does  the  world's  work  comes  mainly  from  two 
sources,  namely,  water  power  and  the  combustion  of  wood  or  coal 
(which  is  fossil  wood).  The  water  comes  from  vapor,  generated 
by  the  sun's  heal,  condensed  as  rain,  and  ultimately  feeding  the 
rivers.  The  source  of  the  energy  in  wood  and  coal  is  now  apparent. 
When  wood,  which  is  largely  cellulose  (CsHioOi)i,  bums,  it  gjves 
carbon  dioxide,  water,  and  heat.  In  fact,  its  combustion  is  rep- 
resented by  the  above  equation,  when  read  backwards.  Thus,  the 
sunlight,  through  the  machinery  of  the  plant,  takes  carbon  dioxide 
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and  water,  Bupplies  the  enei^  (as  light),  and  ^ves  ua  wood  and 
oxygen.  And  the  wood  and  oxygen,  when  burned,  give  us  back 
the  original  substances,  and  the  equivalent  of  the  original  enei^  in 
the  form  of  heat.  Thus,  the  two  aoorces  of  energy  turn  out  to  be 
the  same,  namely  the  sun's  ray». 

If,  instead  of  burning  the  starch  of  the  plant,  we  consume  it  aa 
food,  it  goes  through  several  changes  instead  of  one.  But  the  final 
products  are  the  same,  namely  carbon  dioxide  and  moisture,  given 
off  through  our  lungs  and  akin,  and  heat  and  other  forms  of  energy 
such  as  are  developed  in  animals.  Thua,  whether  we  use  our  muscles, 
a  steam  engine,  or  a  water  turbine  to  do  work,  sunlight  is  in  each 
case  the  ultimate  source  of  the  energy  employed. 

It  ahould  be  noted  that  the  energy  is  not  stored  exclusively  in  the  ooal,  but 
IB  ahared  between  cotd  and  the  oxygen  of  the  air.  If  our  atmoephere  coDBiBtad 
of  oompoTindH  of  carbon,  then  the  material  correspondii^  to  stores  rf  coal  would 
have  to  be  oxygen  or  compounds  of  oxygen,  and  we  should  be  likely  then  to 
speak  of  the  energy  aa  being  stored  for  us  tmd  sold  in  the  form  of  oxygen.  That 
we  are  ia  the  behit  of  epeoking  of  it,  at  present,  ss  going  with  the  caxbou  is  because 
the  oi^gcn  of  the  air  is  supplied  free  of  charge,  while  the  coal  and  wood  have 
to  be  purdiaaed. 

Photochemical  Action.  —  We  have  seen  that  light  may  ramply 
act  catalytically,  as  on  a  mixture  of  hydrogen  and  chlorine  (p.  222)  or 
an  aqueous  solution  of  hypochlorous  acid  (p.  474).  These  actions  in- 
volve the  liberation  of  energy  and  go  on  spontaneously  (_qf.  p.  35)  ■ 
under  proper  conditions.  On  the  other  hand,  light  may  actually  be 
consumed  in  lai^e  amount  in  producing  a  chemical  change,  as  in 
decompo^g  mlver  chloride  (p.  19),  or  in  the  above  instance.  All 
wave  lengths  of  light,  which  is  the  same  &s  to  say  all  colors  of  light, 
are  not  equally  active  in  any  one  case.  But  thar«  is  no  particular  ut 
of  wave  Isnsths  which  Is  ol  Bpeclal  chemical  activity.  In  the  action 
on  silver  chloride,  green  and  blue  light  is  very  active,  while  red  is 
almost  without  effect.  Here,  in  the  actions  in  which  chlorophyll  is 
concerned,  it  is  the  red  and  yellow  Ught  that  produces  the  chemical 
change,  and  a  plant  exposed  to  blue  light  (e.g.,  by  shading  with  blue 
glass)  will  assimilate  none  of  the  carbon  dioxide  in  the  air  surrounding 
it.  The  chemical  substances  in  the  retina  of  the  eye  seem  to  resemble 
those  in  the  leaves  of  plants,  for  they  are  most  affected  by  red  and 
yellow  hght.  To  put  this  another  way,  a  spectrum  of  uniform 
intensity  throughout,  when  viewed  by  a  plant  or  a  human  eye,  would 
appear  to  be  brightest  in  the  red  and  yellow  portions,  while  a  con- 
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aderable  stretch  towards  the  blue  extremity  would  actually  be 
invisible.  On  the  other  hfuid,  to  an  eye  in  which  the  active  substance 
was  diver  chloride,  if  such  an  eye  could  be  imaged  aa  exiting,  the 
red  end  would  be  invisible  and  liie  blue  and  ultra-violet  would  be  the 
most  brilliant  parts. 

Cabbontl  Chlokidb  and  Ubba 
Carbonyl  Chloride  COCU-  —  This  substance  is  also  named 
pbotsuie  (Gk.  ^,  light;  yimAv,  to  produce),  on  account  of  ita  forma- 
tion by  the  catalytic  influence  of  Bunlight  (p.  581).  On  a  commercial 
scale  it  is  obtained  by  passing  the  mixed  c^ibon  monoxide  and 
chlorine  over  animal  charcoal  (contact  agent).  It  is  a  liquid  which 
boils  at  8°,  poeaesses  a  suffocating  odor,  and  is  very  soluble  in  benzene 
and  some  other  hydrocarbons.  When  brought  into  contact  with 
water  it  is  hydrolysed  at  once,  forming  carbonic  acid  and  hydro- 
chloric acid: 

COCU  +  2H,0  ->  H,COt  +  2Ha. 

Vrea.  —  When  ammonia  and  carbonyl  chloride  are  mixed  in  the 
proper  proportions,  in  solution  in  toluene,  urea,  a  most  interesting 
chemical  substance,  ia  produced: 

.01        H-NB,  .NH, 

o=c:     +  _+o=c:      -i-2Ha 

Cl        H-NH.  NH, 

Ebccess  of  ammonia  has  to  be  used  to  combine  with  the  hydrogoi 
chloride  thus  set  free,  so  that  the  final  equation  is: 

COCl,  +  4NH,  -» CO(NH,)t  +  2NH4C1. 
The  urea,  a  white,  crystalline  solid,  is  soluble  in  alcohol,  while  ammo- 
nium chloride  is  not,  so  that  the  former  may  be  washed  out  by  means 
of  this  solvent  and  recovered  by  evaporation,  A  little  reflection  will 
show  that,  \mng  the  above  action  as  the  final  stage,  urea  can  be  built 
up  from  the  simple  substances  composing  it. 

Urea  was  known  long  before  any  method  for  its  ^yntheas  had 
been  discovered.  It  is  the  chief  product  of  the  decompodtion  of  com- 
pounds of  nitrogen  in  the  animal  body,  and  is  found  in  the  liquid 
recrements  of  animals.  It  waa  regarded  as  a  typical  oi^anic  sub- 
stance, in  the  old  sense  of  the  word  (p.  566).  In  1828,  Wohler 
succeeded  in  preparing  it  artificially  (see  below).  This  was  the  first 
syntheds  by  a  chemist  of  a  true  "organic"  substance,  and  its  prepara- 
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tion  proved  to  be  the  precursor  <rf  many  diBcoveries  of  a  sdmilar  nature. 
From  a  later  year,  about  1840,  we  may  date  the  tranfdtion  of  organic 
chemistry,  a  science  in  which  the  myateiy  of  life  was  supposed  to  be 
supreme,  into  the  chemistry  of  the  compounds  of  carbon,  which  is  a 
branch  of  inorganic  chemistry. 

Wfihler  used  ammonium  eyanate  (.q-v,),  a  subHtance  in  whoee  preparation  we 
are  independent  of  all  products  of  life  proceses.  When  ammmiium  cyanate,  or  a 
mistuTB  of  any  anuiuMiiuni  salt  with  potasBium  eyanate  in  Btdulion  in  water,  is 
wanned  for  some  time,  an  intramolecular  change  (i^.  p.  20)  takes  place,  and  long 
jniema  of  urea  are  deposited  as  the  liquid  cools: 

NH,.CNO  pi  COCNH,)t 

Since  the  action  is  rerosible,  about  four  or  five  per  cent  of  the  ammonium  cyaoate 
remains  unchanged. 

The  two  Bubetancee  just  mentioned  are  entirely  different  in  chemical  proper* 
ties.  Ammonium  cyanate  is  a  highly  ionised  salt,  while  urea  is  not  a  salt  at  all, 
but  a  substance  like  ammonia  which  unitea  with  acids  to  form  salts.  Materials 
wbich,  like  these,  have  the  same  composition  and  the  same  numbers  of  units  in 
their  molecules,  and  yet  possess  different  properties,  are  spoken  of  in  chemistry  as 
iKtmaiB.  Tlie  formuls  we  liave  employed  attempt  to  explain  the  differences  in 
th^  properties  by  suggesting  a  difference  in  their  molecular  structure  (i^.  p.  442). 

Aamsted  by  the  catalytic  action  of  certain  ferments,  urea,  wh^i 
dissolved  in  water,  can  take  up  two  molecules  of  the  solvent  to  form 
ammonium  carbonate: 

CO(NH,),  +  2H,0  -»  (NHOjCO,  i±  2NH»  +  H,0  +  COi. 

Ammonium  carbonate  iq.v.)  is  an  unstable  compoimd,  and  in  turn, 
gjves  off  anmionia  and  carbon  dioxide.  To  this  action  is  due  in 
part  the  strong  odor  of  ammonia  arising  from  the  decompo^titm  of 


Exercises.  —  1.  To  which  of  the  factors  in  the  interaction  of 
calcium  carbonate  and  hydrochloric  acid  (p.  573)  is  due  the  forward 
displacement  of  all  the  equilibria? 

2.  What  will  be  the  excess  of  pressure  inade  a  bottle  of  soda- 
water  when  four  volumes  of  carbon  dioxide  are  dissolved  in  one 
volume  of  water? 

3.  What  volume  of  liquid  carbon  dioxide,  measured  at  0",  will  be 
required  to  ^ve  75  liters  of  the  gas  at  0°  and  760  mm.  pressure? 

4.  What  will  be  the  effect  of  increase  in  pressure  on  the  dissocia- 
tion of  carbon  dioxide  (p.  574)? 
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5.  Prepare  a  diagram  showing  the  whole  scheme  of  equilibria  in- 
volved in  the  hydrolysis  of  sodium  carbonate  (p.  576). 

6.  What  volume  of  carbon  dioxide  at  0"  anJd  760  mm.  is  required 
for  complete  interaction  with  one  liter  of  nonnal  solium  hydroxide? 

7.  What  are  the  exact  relative  weights  of  equal  volumes  of 
carbon  dioxide,  carbon  monoxide,  air,  and  steam? 
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CHAPTER  XXIX 

TBI  HTDBOCAKBOHB.    ILLUBONANTS.    TLAMt 

The  compounds  of  carbon  and  bydix^n  are  called  the  hydro- 
Mrtxmi.  Petroleum  is  a  mbcture  of  many  Bubetances  of  this  class. 
The  hydrocarbons  are,  therefore,  of  great  importance  in  connection 
with  fuel,  illmuination,  and  lubrication. 

Thb  Htdhocabbons 

More  than  two  hundred  and  fifty  compounds  of  carbon  and  hydro- 
gen have  been  described.  They  fall  into  several  distinct  series,  the 
chief  one  of  which  contains  methane  CH*  as  iix  simplest  member. 
On  account  of  the  fact  that  certain  members  of  this  set  are  found  in 
paraffin,  it  is  commonly  known  as  the  paraffin  mtIm.  For  the  reason 
that  in  this  series  the  carbon  has  all  its  four  valences  employed,  the 
members  are  also  called  the  Mitunrtad  brdrocarboiu. 

ParajBUn  or  Saturated  Series  of  Hydrocarbons.  —  The  fol- 
lowing list  ^ves  the  formulse  of  a  few  members  of  this  series,  with 
thrar  names,  and  the  boiling-points  of  seven  of  the  simplest  hydro- 
carbons, and  of  two  of  the  higher  members  of  this  series: 


Methane  CH<  b.-p. 

-164" 

Hexane                CH„  b.-p.    71' 

Ethane     CH,     " 

-  89.5' 

Heptane              CH„      "       99" 

Propane    CJI,     " 

-  37° 

Butane     CJI„    " 

+     1' 

"     m,-p.    18* 

PentaiM    CtHu    " 

36" 

After  the  first  four,  the  names  are  based  on  the  Greek  numerals 
representing  the  number  of  carbon  atoms  in  the  molecule.  Hep- 
tane is  followed  by  octane  CgHjg,  nonane  C»Hm,  decane  CioHtt, 
etc.  On  examining  the  formulse,  we  perceive  that,  in  each,  the 
number  of  hydrogen  atoms  is  equal  to  twice  the  number  of  carbon 
atoms  plus  two.  The  general  formula  is  therefore  C»Hai.+t-  Sub- 
stances related  In  this  way  form  an  homologoua  mtIm.  The  series 
illustrates  strikii^y  the  law  of  combining  weights  (p.  61).  We 
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note,  also,  that  the  first  four  tn  gaMf  at  room  temperature.  The 
members  from  pentane  to  pentadecane  CuHn  are  llquldt,  and  from 
hexadecane  onward  they  are  uUdi. 

In  these  compoundB  the  carbon  is  quadrivalent,  and  each  8ul> 
stance  is  related  to  the  preceding  one  by  containing  the  additional 
unit  CHi.  The  graphic  fotmulfe  of  the  first  three  members  illus- 
trate these  two  facts: 


H 

H     H 

H     H     H 

-C-H 

H-C-C-H 

H-C-O-C 

E 

H     H 

H     H     H 

Transferences  of  H  one  step  to  the  right  fuid  interpositions  of  CH| 
constitute  the  successive  differences. 

Petroleum.  —  Petroleum  is  a  thick,  often  greenish-brown  col- 
ored oil.  When  borings  reach  the  oU-bearing  strata,  the  oil,  hitherto 
held  beneath  impervious  strata,  and  crften  under  hydrostatic  pressure 
of  water  underneath  or  around  it,  either  gushes  up  or  is  pumped  to 
the  surface.  Wells  are  in  operation  in  Caucasia,  Galida,  India, 
Japan,  and  in  Ontario,  Ohio,  Pennsylvania,  California,  Oklahoma, 
and  elsewhere.  The  world's  production  in  19X2  was  400  million 
barrels  (42  gal.  each),  of  which  266  millions  were  produced  in  the 
United  States.  In  oil-refining,  advantage  is  taken  of  the  <fifEerences 
in  the  boiling-points  to  make  a  partial  separation  of  the  components 
by  fractional  distillation  (see  below) .  The  compounds  containing  sul- 
phur which  are  often  present,  and  would  ^ve  the  obnoxious  sulphur 
dioxide  when  the  oil  was  burned,  are  deprived  of  this  constituent 
by  heating  the  oil  with  powdered  cupric  oxide  (Frasch  process). 
The  unsaturated  hydrocarbons  {q.v.)  are  removed  by  station  with 
concentrated  sulphuric  acid.  The  following  are  some  of  the  products 
of  the  oil  refinery,  with  their  components  and  uaee. 


Petroleum  etber   , 
GtUKiline  (petrol)  . 

Naphtha 

Beniine 

Kerosene    .  .  .  . 


Pentane-hexane 
H«xano~hep  ta  De 
Hepta  Qe-oc  tane 
Octane-no  nane 
Decane-hexadec  an 


80M20° 
120M50° 
IW-SOO" 


Solvent,  Kas-making 
IllumiuatiiiFoil 
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The  portions  of  still  higher  boiling-point  are  uaed  as  lubricating 
oils,  and  the  residue  for  fuel.  Special  treatment,  such  as  super- 
heating the  vapor  under  high  pressure  (Bittman's  process),  is  used 
to  increase  the  prpportion  of  gasollns  (petrol)  for  which  there  is  a 
lai^  and  increasing;  demand. 

The  vapor  of  these  products  is  more  inflammable  the  more  volatile 
the  components.  The  sale  of  kerosene  is  controlled  legally  by  the  re- 
quirement that  the  vapor  it  gives  when  heated  shall  not  catch  fire 
from  a  naked  flame  until  the  oil  has  reached  a  certain  minimum  tem- 
perature, the  "flash-point."  This  varies  from  37.7°  to  68.5°  in 
different. states  and  countries.  To  be  used  safely,  the  flash-point 
should  be  65°  (150°  F). 

At  some  suitable  stage,  the  residual  oil  is  chilled,  and  a  quantity 
of  the  solid  members  of  the  aeries  (CdHm  to  CjgHu)  cryst^lizes  in 
.flakes  (solid  paraffin)  and  is  separated  by  filtration  in  presses.  The 
paraffin  is  used  in  waterproofing  paper,  in  laundry  work,  and  as  an 
ingredient  in  candles.  In  some  cases  potrtdatam  (vaseline),  consist'- 
ing  of  substances  melting  at  .40°-50°,  CdHm  to  CtiH«,  is  obtained 
also. 

From  oxocarite,  which  is  a  sort  of  natural  paraffin,  ceiesin,  a  sub- 
stitute for  beeswax,  is  made.  Asphalt  is  another  natural  mixture  of 
solid  hydrocarbons,  found  particularly  in  Trinidad,  and  used  in  road- 
making. 

The  formation  of  these  hydrocarbons  in  nature  is  not  yet  thor- 
oughly explfuned.  According  to  one  theory,  they  are  formed  by  the 
action  of  water  upon  carbides  of  metals;  while  according  to  another, 
they  result  from  the  decomposition  of  vegetable  or  animal  matter. 
Possibly  both  of  these  sources  have  contributed  to  their  formation. 
Cert^  differences  between  the  natural  oils  of  different  locahties, 
such  as  the  presence  of  aromatic  hydrocarbons  in  California,  point, 
at  all  events,  to  some  difference  in  their  origin,  or  subsequent  treat- 
ment. 

Fractional  Distillation.  —  When  the  boiling-points  of  two  com- 
ponents of  a  liquid  are  very  far  apart,  the  vapor  pressure  of  the  one 
may  be  very  low,  when  that  of  the  other,  by  heating,  has  reached  760 
mm.  In  this  case  the  first  distillate  will  contain  little  of  the  high- 
boiling  component.  When,  as  in  the  case  of  petroleum,  the. differ- 
ences in  boiling-points  are  not  great,  complete  separation  of  the 
components  is  difficult.  Yet  by  distillation  in  which  the  distillate 
is  caught,  not  in  one  vessel,  but  in  several  successively,  "fractions" 
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are  obtained  such  that  the  earlier  ones  contain  more  of  the  low-boiling 
and  the  later  ones  more  of  the  high-boiling  materials.  The  disUlkte 
IB  diverted  into  different  vessels  when  the  thermometer  immersed  in 
the  vapor  (Fig.  20,  p.  43)  reaches  certain  temperatures,  or  (in  petroleum 
refineries)  when  the  density  of  the  distillate  reaches  certain  values, 
so  that  fractions  of  the  same  kind  arc  kept  bother.  When  these 
fractions  are  then  distilled  one  at  a  time,  banning  with  the  lowest, 
and  the  several  distillates  are  divided  from  one  another  by  the  same 
temperatures  as  before,  a  more  complete  separation  is  effected. 
This  process  is  called  tnctionAl  dlstUlation,  and  may  be  repeated  as 
often  as  we  please  with  constantly  increasing  differentiation  of  the 
fractions. 

An  experimental  illustration  may  be  given  by  mixing  0.4  c.c.  of 
benzene  (b.-p.  80.4°)  with  8  c.c.  formic  acid  (b.-p.  100°)  and  2  c.c 
benzyl  alcohol  (b.-p.  206.5"),  and  boiling  a  part  of  the  mixture  in  a 
test-tube  with  a  small  flame.  The  components  come  o£E  in  succession, 
and  are  recognized  by  the  fact  that  the  first  and  last  bum  with  a 
luminous  flame,  while  the  flame  of  the  second  is  non-luminous 
[Lect.  exp.].  By  passing  the  vapors  into  a  condenser,  and  using  the 
method  described  above,  a  more  or  less  complete  separation  can  be 


General  Properties  cf  Pto'affins,  —  All  these  substfuices  are 
extremely  indifferent  in  their  chemical  behavior.  They  have  none 
of  the  properties  of  acids,  ba-ses,  or  salts.  The  halogens,  notably 
chlorine  and  bromine,  however,  interact  with  them  (see  below). 
When  burned  they  all  produce  carlxjn  dioxide  and  water.  When  their 
vapors  are  passed  through  a  white-hot  tul)e  they  suffer  decomposition 
into  a  mixture  of  hydrogen  and  hydrocarbons  of  smaller  or  larger 
(see  Benzene)  molecular  weight. 

Methane  CHi,  —  Methane,  otherwise  known  as  manh-^M,  is 
the  chief  component  of  natural  gu.  It  rises  to  the  surface  when  the 
bottoms  of  marshy  pools  are  disturbed,  and  issues  from  seams  in  coal 
beds.  In  these  two  cases  it  results  from  the  decompo^tion  of  vege- 
table matter  in  absence  of  air.  When  methane  enters  mines  from 
a  coal  seam  it  is  called  "fire-damp"  (Ger.  Dampf,  vapor),  on  ac- 
count of  the  explosive  nature  of  the  mixture  it  forms  with  the  air. 
The  carbon  dioxide  fonned  by  the  explosion  is  called  by  the  miners 
"choke-damp."  In  many  regions  it  is  confined,  like  the  oil,  beneath 
impervious  strata  and  is  forced  out  through  borings  by  hydn^ 
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static  pressure.  It  is  found  maibly  in  or  near  the  localities  where 
oil  is  found. 

The  formation  of  methane  by  direct  union  of  carbon  and  hydro- 
gen has  already  been  discussed  (p.  570).  It  may  be  made  from 
inoi^nic  materials  by  the  action  of  water  upon  aluminium  carbide, 
prepared  by  the  interaction  of  aluminium  oxide  and  carbon  in  the 
dectric  furnace  {cf.  p.  569) : 

Al^Cs  +  12HiO-*4Al(OH),  +  SCH,  T. 

In  the  laboratory  the  gas  is  commonly  obtained  by  the  distillation 
of  a  dry  mixture  of  sodium  acetate  and  sodium  hydroxide: 

NaCOaCH,  +  NaOH  ->  Na,COa  +  CH,  T. 

As  regards  ehcmlcal  propeittea,  methane,  lilie  other  saturated 
hydrocarbons  (p.  588),  is  very  indifferent.  When  a  mixture  of 
methane  and  chlorine  is  exposed  to  sunlight  several  changes  occiir  in 
succession  ((^.  p.  225): 

CH*  +  CU  -» CHgCl  +  HCl,       CHjCl,  +  CI,  -*  CHCb  +  HCl, 
CHaCl  +  CI,  -» CHaCU  +  HCl,       CHCU  +  CI,  —  CCU  +  HCl. 

This  kind  of  interaction  with  the  halogens  is  characteristic  of 
the  saturated  hydrocarbons.  It  takes  place  slowly,  and  is  there- 
fore entirely  different  from  ionic  chemical  change.  It  consists  in  a 
progressive  substltutioa  of  chlorine  for  hydrogen,  unit  by  unit.  The 
'various  groups  which,  in  the  first  three  of  these  products,  are  asso- 
ciated with  chlorine,  occur  in  many  organic  compounds,  and  receive 
the  names  methyl  CHj— ,  methylene  CHi  =  ,  and  methenyl  CHs, 
The  compounds  are  known,  therefore,  as  methyl  chloride,  methylene 
chloride,  methenyl  chloride  (chloroform),  and  carljon  tetrachloride 
(p.  570).  The  last  two  are  volatile  liquids,  and  familiar  substances. 
The  corresponding  iodine  derivative  iodoform  CHI3  is  used  in  surgical 
dressing.  These  substances  are  not  salts,  and  are  not  ionized  in 
solution.  They  are  very  slowly  hydrolyzed  by  water  —  carbon 
tetrachloride,  for  example,  giving  carbonic  acid  and  hydrochloric 
acid.  Although  carbon  is  a  non-metal  {cf.  p.  209),  this  action  requires 
a  high  temperature.  Methane  and  the  other  saturated  hydrocarbons 
are  decomposed  by  strong  heating  (see  cracking,  below). 

Organic  Radicals.  —  In  carbon  chemistry  there  are  groups  of 
units  which  pass  unaltered  from  compound  to  compound  and  receive 
the  mune  organic  radicals.     They  usually  lack  a  property  "Which  inor- 
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ganic  radicals  generally  possess,  namely,  the  power  to  form  iooB 
(p.  324).  Methyl  is  such  a  radical,  being  found  in  methane  CHt-H, 
methyl  chloride  CHi.Cl,  methyl  alcohol  CHj.OH,  and  acetic  acid 
CHj.CO»H.  Similarly  we  have  ethyl  CjHk  in  ethane  CiHf.H  and  in 
ethyl  alcohol  CiHtOH.  Methyl,  ethyl,  and  propyl  CiHi—  are  uni- 
vslent  radicals.  We  have  also  ethylene  CiH4  =  ,  propylene  CtEg", 
and  BO  forth,  which  are  bivalent.  Groups  like  NOi'  (p.  527),  NHj* 
(p.  519),  CHiCO',  and  many  more,  are  other  non-ionizable  radicals 
found  in  organic  compounds  (see  Acetic  acid,  below). 

Unsaturated  Hydrocarbons.  —  In  addition  to  the  saturated 
series  of  hydrocarbons,  several  other  series  are  known  in  which 
smaller  proportions  of  hydrogen  are  present.  Thus,  atb^ana  CiH^, 
to  which  illuminating  gas  largely  owes  the  luminosity  of  its  flame, 
belongs  to  a  series  CnH*,,  all  the  members  of  which  contain  two 
atoms  of  hydrogen  less  than  the  corresponding  compounds  trf  the 
first  series.  Again,  ac«tylene  C1H2  is  the  first  member  oi  a  series 
CnHiH-i,  and  Imomim  CtH*  begins  a  series  C„Hi,r-<,  of  which  toluaiw 
CiHg  (p.  527)  is  the  second  member.*  These  are  all  unsaturated 
because  the  full  valence  of  the  carbon  is  not  in  use,  and  these  com- 
pounds, therefore,  unite  more  or  less  readily  with  hydrogen,  chlorine, 
bromine,  and  concentrated  sulphuric  add.  The  hydrocarbons 
of  all  the  series  are  mutually  soluble,  but  none  of  them  dissolves  in 
water. 

Members  of  the  ethylene  and  acetylene  series  arc  found  in  petro- 
leum, and  are  formed  also  to  some  extent  by  decomposition  during 
the  distillation.  As  oil  containing  them  acquires  dark-colored 
products  by  chemical  change,  the  oils  are  always  refined  before 
being  sold.  They  are  a^tated  with  concentrated  sulphuric  add, 
which  unites  with  the  unsaturated  substances  and,  being  insoluble 
in  the  oil,  -eollects  in  a  layer  below  it.  The  oil  is  finally  wa/^ied 
free  from  the  acid  with  dilute  alkafi  and  with  water. 

Ethylene  CJI*.  —  Ethylene  is  the  first  member  of  the  seaxMl 
series  of  hydrocarbons.  It  corresponds  to  ethane  CtHs,  but  oon- 
tains  in  each  molecule  two  hydrogen  units  less  tban  does  this  sub- 
stance. 

*  iBoprene  Cil^,  a  member  of  the  unsaturated  aeriea  CsHib,^,  when  he»ted 
in  pmenoe  of  aodium  (or  some  other  contact  agent),  changea  into  caoutchouo 
(C|H|),  or  raw  rubber.  No  method  irf  preparing  artificial  rubber  hu  yet  beta 
used  commercially. 
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Ethylene  is  m»d»  by  heating  common  alcohol  (eth^  alcohol) 
with  concentrated  sulphuric  acid: 

CAOH-»H,0  +  CtH,T. 
The  action  with  sulphuric  acid  really  takes  place  in  two  distinct  stages, 
and  the  intenuediate  product  can  be  isolated.  First,  ethyl  hydro- 
gen sulphate  [t^.  p.  385)  is  fonned,  C»H|0H  +  HjSO*  ^  CH»HSOt 
+  HiO.  Above  150°,  however,  this  substance,  which  is  a  thick 
syrup,  is  dissociated,  givii^  ethylene  and  sulphuric  acid,  CiHtHS04 
— »  C^H^  +  HtSO*.  A  comparieon  of  the  structural  formulffl  of  the 
alcohol  and  ethylene  shows  that  this  loss  of  water  must  leave  the 
carbon  partly  unsaturated; 


H    H 

H    H                        H    H 

H-C-C^O-H 

1       1 

H-C-C-H    or    H-C-C-H 
1       1 

H    H 

The  water  may  also  be  removed  by  allowing  alcohol  to  fall  drop  by. 
drop  on  heated  phosphoric  anhydride.  The  solid  metaphospborio 
acid  remains  behind  and  ethylene  escapes. 

Ethylene  is  formed  along  with  acetylene  and  other  substances, 
when  any  saturated  hydrocarbon  is  heated  strongly.  Even  methane 
^ves  it: 

2CH4-*CsH«  +  2H,. 

Ethylene  is  a  gas,  which,  when  liquefied,  boils  at  —105°.  Its 
critical  temperature  is  35°.  At  0°  it  may  be  liquefied  by  a  pressure  of 
42  atmospheres.  It  bums  in  the  air  with  a  flame  which,  on  account  of 
the  great  separation  of  free  carbon  which  takes  place  temporarily  dur- 
ing the  combustion  ((/.  Flame),  is  highly  luminous.  It  will  be  seen 
that  in  the  formula  but  three  of  the  valences  of  each  carbon  unit  are 
occupied.  As  carbon  is  usually  either  bivalent  or  quadrivalent,  we 
should  expect  that  in  this  compound  the  combining  capacity  of  the 
carbon  would  not  be  completely  satbfied.  We  find  this  to  be  the 
case.  Ethylene  is  easily  reduced  by  active  hydrogen  (p.  543)  to 
ethane,  taking  up  two  units  of  hydrogen  in  the  process.  When 
ethylene  is  passed  through  liquid  bromine,  it  is  rapidly  absorbed,  and 
the  bromine  seems  to  increase  in  volume  and  finally  loses  all  its  color, 
leaving  a  transparent  liquid  having  the  composition  CiHiBri,  «tbfl- 
nu  bromlds.    The  second  of  the  above  graphic  f  ormuUe  for  ethylene 
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ia  the  one  generally  used.  In  Bpite  of  appeanmcea,  it  is  not  in- 
tended to  indicate  that  tlie  two  units  c^  carbon  are  more  forcibly  held 
together  than  in  other  compounds  (i^.  p.  138).  It  amply  chronicles 
the  fact  that  one  valence  of  each  carb(m  unit  is  imoccupied. 

Acetylene,  —  This  substance,  likewise  a  gas,  is  the  first  memb^ 
of  still  another  unsaturated,  homologous  series,  C.H!„_i.  Its  for- 
mula CjHi  shows  that  its  molecule  lacks  four  of  the  hydrogen  units 
necessary  to  the  complete  saturation  which  we  find  in  ethane. 
Graph)callyita8tnictureisusu^yrepre8entedthu8:H  —  C  »C  — H. 
This  gas  is  formed  in  small  quantities  by  direct  union  of  carbon  and 
hydrogen  in  the  electric  arc  (p.  570).  It  is  formed,  not  because  the 
elements  prefer  to  ^ve  this  one  of  the  many  hydrocarbons,  but  be- 
cause, at  2000°  or  over,  the  other  hydrocarbons  are  decomposed,  and 
acetylene  is  one  in  the  formation  of  which  the  greatest  amount  of 
heat  is  absorbed  (van't  HofE's  law,  p.  305,  and  see  below).  For  the 
same  reason,  it  is  produced  when  ethylene  is  passed  tbiot^h  a  heated 
tube:  CH,  -•  CJIi  +  H,  {cf.  Flame). 

When  calcium  carbide  (p.  571)  is  thrown  into  water,  violent 
effervescence  occurs,  the  carbide  is  disintegrated,  a  precipitate  of 
cdcium  hydroxide  is  formed,  and  acetylene  passes  off  as  a  gas: 

C&Ct  +  2H,0  -» Ca(OH),  +  CtH,  T- 

This  hydrolytic  action  is  like  that  of  water  on  calcium  phosphide 
(p.  553),  calcium  sulphide  (p.  421),  and  magnesium  nitride  (p.  514). 

Acetylene  bums  with  a  flame  which  is  still  more  luminous  than 
that  of  ethylene.  Its  most  characteristic  property  is  that  when  passed 
through  an  ammoniacal  solution  of  a  cuprous  salt,  it  yields  a  red  pre- 
cipitate of  a  carbide  of  copper  known  as  coppor  ace^^lda.  The 
equation :  Cui(OH)i  -|-  C»Hi  -►  CujC,  +  2HiO,  partially  repreaents 
the  change.  This  red  precipitate,  when  dried,  ia  extremely  exploave, 
on  account  of  the  great  amount  of  energy  set  free  when  it  breaks  up 
into  its  constituents.  Its  formation  is  used  as  a  test  for  acetylene  in 
mixtures  of  gases. 

Acetylene  may  be  handled  eeSely  as  a  gas  at  the  ordinary  pressure, 
but,  when  contained  in  cylinders  at  more  than  two  atmospheres 
pressure,  it  is  readily  exploded  by  any  shock.  This  is  due  to  the  fact 
that  it  is  an  endothermal  compound:  CiHi  — *  2C  +  Hi  +  53,200  cal. 
It  is  frequently  made  in  generators,  as  needed,  from  calcium  car- 
bide, and  is  used  for  lighting  on  automobiles  and  in  regions  remote 
from  a  pubhc  supply  of  illuminating-gas.    The  acetylene  tanks,  which 
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are  sIbo  in  use,  contain  acetylene  dissolved  under  high  pressure 
in  acetone,/a  form  in  which  it  can  be  handled  safely. 

When  acetylene  CjHi  is  burned,  we  obtain  from  2  X  12  +  2  = 
26  g.  not  only  the  heat  due  to  the  combustion  of  the  carbon  (2  X 
12  X  8040  cal.,  p.  567),  and  of  the  hydrogen  (2  X  28,800  cal.),  but 
also  the  heat  due  to  the  decomposition  of  the  gas  (53,200  cal.). 
The  temperature  of  the  Same  is  therefore  extraordinarily  high. 
The  oxyacetylene  flame,  produced  by  means  of  a  suitable  burner 
(Fig.  51,  p.  126),  is  now  used,  imder  the  name  of  the  M»^eii» 
torch,  for  cutting  metals.  The  gases  are  contained  in  portable 
tanks.  Such  a  Same  will  melt  its  way  through  a  6-inch  shaft  of 
steel  plate  several  feet  wide  in  less  than  a  minute,  cutting  the  object 
in  two.  Steel  buildings  have  thus  been  taken  down,  and  ships 
(like  the  Maine)  have  been  cut  up  for  removal.  Other  gases,  like 
blau  gas  and  oil  gas,  made  by  cracking  petroleum  (see  below),  are 
now  displacir^  acetylene  for  this  purpose,  as  they  are  almost  as 
effective,  and  the  flame  is  more  easily  controlled. 

The  unsaturated  nature  of  this  substance  is  shown  by  the  avidity 
with  which  it  unites  with  hydrogen  and  the  halogens,  forming  satu- 
rated compounds. 

Benzene  CMt-  -—  Limits  of  space  forbid  the  discussion  of  any 
of  the  other  series  of  hydrocarbons.  One  of  the  most  important  has 
not  been  mentioned,  however.  It  is  that  of  which  the  first  member  is 
bWMno,  CtHt.  More  than  half  of  the  known  compounds  of  carbon 
are  derived  from  this  substance.  Phenol  (c/.  p.  527)  C|iH»OH  is  the 
fundamental  alcohol  of  this  set.  Benzene  is  obtained  from  the  prod- 
ucts of  the  dry  distillation  of  coal  (cf.  Coal  gas),  being  formed,  prob- 
ably, from  the  acetylene  which  the  decomposition  of  other  hydro- 
ctirbons  yields.  At  all  events,  when  acetylene  is  passed  through  a 
heated  tube  some  t>enzene  is  produced,  SCgHt  — >  C«H«,  along  with 
free  carbon  and  hydrogen.  Toluene  (p.  527)  C»H»CHi  is  the  second 
member  of  this  series. 

Cracking  of  Hydrocarbons.  —  All  hydrocarbons,  when  heated 
strongly  (air-excluded)  decompose  or  cntck.  The  changes  seem 
to  be  reversible,  and  the  result  therefore  depends  upon  the  con- 
ditions. Thus,  at  atmospheric  pressure,  and  especially  when  the 
oil  is  mainly  present  as  a  liquid,  [hydrogen  is  given  off  and  uur 
saturated  liquid  and  gaseous  hydrocarbons  are  produced.  Under 
such  conditions,  ethylene  is  formed  in  large  amounte.      On  the 
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other  hand,  wheir  an  oil  free  from  gasoline  is  completely  vapoiised 
(500°),  and  ie  under  high  pressure,  the  hydrogen  is  forced  into 
combination  with  the  broken  molecules  and  the  saturated  oon- 
stituento  (rf  gaBoliiie  are  produced  in  large  anuunt  (Bittmau'e 
process). 

At  a  white  heat,  all  the  hydrocarbons  decompose  into  hydrogen 
&ad  free  carbon.  The  latter  is  depodted  in  a  dense  form  called 
gas-carbon,  which  is  more  or  less  crystalline  (hke  graphite)  and 
used  in  making  carbon  rods  for  arc  lights  and  electric  furnaces, 
and  carbon  plates  for  batteriee,  and  for  the  electrodes  employed 
in  electrolysia.  The  carbon  is  ground  up,  moistened  with  petro- 
leum reffldues,  subjected  to  hydraulic  pressure  and  finally  heated 
strongly  to  expel  volatile  matter. 

Carburett^  Water  Gaa.  —  Aa  we  have  seen,  water  gas  ia 
essentially  Hi  +  CO  (p.  577),  and  bums  with  a  pale-blue  flame. 
To  fit  it  for  use  as  illuminating-^as,  unsaturated  hydrocarbons, 
which  bum  with  a  luminous  flame,  such  as  ethylene  C1H4  and 
acetylene  CiHt  must  be  added.  The  gas  is  sent  through  a  tower 
containing  strongly  heat«d  brick  on  which  a  petroleum  oil  is  sprayed. 
Mixed  with  the  vapor,  the  gas  then  passes  into  the  "superheater" 
where,  at  a  higher  temperature,  the  cracidng  into  unsaturated 
hydrocarbons  occurs.  The  gas  is  then  cooled  and  washed  to  remove 
condensible  hydrocarbons,  which  would ,  otherwise  obstmct  the 
service  jApee.  A  typical  carburetted  water  gas  has  the  compoation: 
Illuminante  17  per  cent;  heating  gases,  methane  20  per  cent,  hydrogen 
32  per  cent,  carbon  monoxide  26  per  cent;  impurities  (nitrt^en  and 
carbon  dioxide)  5-6  per  cent.  A  flame  burning  5  cu,  ft.  per  hour 
^ves  25  candle  power. 

Blau  gas  and  Oil  gas,  such  as  Rnt«ch  gas,  contain  lai^er  pro- 
[wrtions  of  illuminanto.  Thus  a  good  gas  shows:  illuminanta 
45  per  cent;  heating  gases,  methane  39  per  cent,  hydrogen  14.5 
per  cent;  impurities  1.5  per  cent;  candle  power-65.  Such  gasee 
are  compressed  in  tanks  and  used  for  iUuminaUon  on  railway  trains 
(Coal  gas,  see  p.  612). 

Flahu 

Meaning  c^  ^^  Term.  '■ —  In  the  combustion  of  charcoal  there  ia. 
hardly  any  flame,  for  the  light  emanates  almost  entirely  from  the 
incandescent,  masave  solid.     When  two  gases  are  mixed  and  set  on 


THE  HYDROCARBONa     ILLTMINANTa     FL&ME 


595 


fire,  a  sort  of  flame  passes  through  the  mixture,  but  this  can  hardly 
be  accounted  a  flame,  in  the  ordinary  sense,  either.    The  ra]nd  move- 
ment of  the  flash,  and  the  explosion  which  accompanies  it,  are  in  a 
manner  the  precise  opposite  of  the  quiet  combustion 

B  which  is  characteiistio  of  flames. 
With  illuminating-gaa  the  production  of  its  very 
characteristic  flame  is  due  to  the  chemical  union  of 
a  stream  of  one  kind  of  gas  in  an  atmosphere  of  an- 
other. The  flame  is  made  up  of  the  heated  matter 
where  the  two  gases  meet.  In  the  case  of  a  burning 
candle  {Fi^.  129),  <^ne  of  the  bodies  appears  to  be  a 
BoM,  but  a  ctoaer  scrutiny  of  the  ph^iomenon  shows 
Fio.  129  '^^  *^®  ^^^  '^^'^  °***'  ^""^  directly.  A  combustible 
gas  is  numufactured  continuously  by  the  heat  of  the 
combustion  and  rises  from  the  wick.  The  introduction  of  a  narrow 
tube  into  the  mterior  of  the  flame  enables  us  to  draw  off  a  stream  of 
this  gas  and  to  ignite  it  at  a  remote  point.  Thus,  a  Sam*  li  a  ph«- 
nomannn  jnoduevd  at  tlw  suifaM  wbora  two  gwmm  mast  and  und«rgo 
ocnnbliutbm  with  tha  erolution  of  Iwat  and  mon  or  l«u  Ught. 

In  the  chemical  point  of  view,  it  is  a  matter  of  in- 
difference whether  the  gas  out«de  the  flame  contains 
oxygen,  and  the  gas  inside  consists  of  Bubstances 
ordinarily  known  as  combustibles,  or  whether  this 
order  is  reversed.  In  an  atmosphere  of  ordinary 
illuminating-gas,  the  flame  must  be  fed  with  air. 
This  condition  is  ea^y  reahzed  (Fig.  130).  The 
lamp-chinmey  is  closed  at  the  top  until  it  has  be- 
come filled  with  illuminating-gas.  After  the  lapse  of 
a  few  minutes  this  can  be  ignited  as  it  issues  from 
the  bottom  of  the  wide,  straight  tube  which  pro- 
jects from  the  interior.  When  the  hole  in  the  cover 
of  the  lamp-chimney  is  then  opened,  the  upward 
draft  causes  the  flame  of  the  burning  gas  to  recede 
up  the  tube,  and  there  results  a  flame  fed  by  air 
and  burning  in  coal-gas.  In  an  atmosphere  of 
this  kind,  materials  playing  the  part  of  a  candle  burning  in  air 
would  have  to  be  substances  which,  under  the  influence  of 
the  heat  of  combustion,  ^ve  off  oxygen.  Strongly  heat«d 
potassium  chlorate,  for  example,  appears  to  bum  continuously 
in  such  an  atmosphere  when  lower^  into  it  in  a  deflagratii^ 
Bpoon. 

D,a,l,;t!dbvG00glc 
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Luminoits  Flamea:  LantpMa4:k.  —  The  flame  of  hydrogen, 
under  ordinary  circumstances,  is  almost  invisible,  nearly  all  the 
energy  of  the  combustion  being  devoted  to  the  production  of  heat.  A 
part  of  thia,  however,  may  be  transformed  into  light  by  the  suspension 
of  a  suitable  solid  body,  such  as  a  platinum  wire,  in  the  flame.  The 
holding  of  a  piece  of  quicklime  in  an  oxyhydrogen  flame  (,qf.  p.  126) 
is  a  practical  illustration  of  thia  method  of  securing  luminosity. 
In  genera),  lumino^ty  may  be  produced  by  the  presence  of  some  solid 
which  is  heated  to  incandescence. 

In  the  Welsbach  lamp  the  flame  itself  is  non-luminous  and,  but 
for  the  mantle,  would  be  identical  with  the  ordinary  Bunsen  flame. 
The  mantle  which  hangs  in  the  flame,  however,  by  its  incandescence, 
furnishes  the  light.  This  mantle  is  composed  of  a  mixture  of  99  per 
cent  thorium  dioxide  ThOj  and  one  per  cent  cerium  dioxide  CeOi. 
While  many  oxides  would  ^ve  out  a  white  light,  and  could  be  obtained 
much  more  cheaply  than  these,  they  have  not  sufficient  coherence  to 
moke  their  use  practicable.  Le  Chatelier  found  that  the  tempera- 
ture of  the  flame  was  1700-1800°  C.  The  brightness  of  the  light  is 
due  to  the  fact  that  li^t  rays  are  plentiful,  and  few  heat  rays  are 
produced.  The  Welsbach  lamp  gives  four  times  as  much  light  as 
does  the  same  gas,  issuing  at  the  same  rate,  from  an  ordinary  burner. 
It  is  worth  noting  that  any  appreciable  variation  from  the  above 
proportions,  by  the  introduction  of  rather  more  or  less  cerium  oxide, 
produces  a  marked  diminution  in  the  intensity  and  'whiteness  of  the 
light  (see  Thorium). 

In  cases  of  brilliant  combustion,  as  of  magnesium  ribbon  or  phos- 
phorus, a  solid  body  is  formed  whose  incandescence  accounts  for  the 
light.  The  flame  of  ordinary  illuminating-^as  does  not  at  first  GQght 
appear  to  ^ve  evidence  of  the  presence  of  any  solid  body.  But  if  a 
cold  evaporating  dish  is  held  in  the  flame  for  a  moment,  a  thick 
depoat  of  finely  divided  carbon  (soot)  is  formed,  and  we  at  once 
realize  that  the  light  is  due  to  the  glow  of  these  particles  in  a  mass  of 
intensely  hot  gas.  Carbon  is,  indeed,  an  extremely  combustible 
substance,  and  is  eventually  entirely  consumed.  But  a  fresh  supply 
is  continually  being  generated  in  the  interior  of  the  flame,  while  the 
oxygen  with  which  it  is  to  unite  is  outside  the  flame  altogether. 
Thus  the  carbon  particles  persist  until,  drifting  with  the  spreading  gas, 
they  reach  the  periphery  of  the  flame. 

On  a  large  scale,  oil  residues  are  burned  so  that  the  flame 
strikes  a  revolving,  iron  vessel  cooled  with  water.  The  soot 
or   UmpbUck   is   continuously   scraped   off   as    the   vessel   turns. 
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Lampblack  is  used  in  making  printer's  ink,  India  ink,  and  black 
varnish. 

It  cannot  be  said  that  no  flames  are  luminous  unless  a  solid  body  is 
contained  in  tbem.  When  compressed  hydrogen  is  burned  in  an 
atmosphere  of  oxygen  under  pressure,  the  light  given  out  by  the  flame 
is  much  greater,  and,  in  general,  illuminating  power  seems  to  be 
hdghtened  by  increase  in  the  concentration  of  the  gas.  In  special 
cases,  also,  such  as  the  exploKon  of  a  mixture  of  nitric  oxide  with 
carbon  bisulphide  vapor  [Lect.  exp.],  a  flame  which  has  intense  illu- 
minating power  is  produced,  although  t^e  denmty  of  the  gases  is 
low  and  solids  are  lackii^. 

The  Bunaen  Flames  The  Blast  Lamp.  —  In  the  burner  de- 
vised by  Robert  Bunsen,  a  jet  of  ordinary  illuminating-^s  is  pro- 
jected from  a  narrow  opening  into  a  wider  tube  (Fig. 
131).  In  this  tube  it  becomes  mixed  with  air,  forced 
by  atmospheric  pressure  through  openings  whose 
dimensions  can  be  altered  by  means  of  a  perforated 
ring.  When  the  supply  of  air  is  sufficient,  the  flame 
becomes  non-luminous.  With  a  somewhat  different 
construction,  and  the  use  of  a  bellows  to  force  a  larger 
proportion  of  air  into  the  gas,  a  still  hotter  flame  can  be 
produiied.  The  instrument  in  this  case  is  known  as 
-  a  bUit-lunp. 

The  high  temperature  of  the  blatt-Ump  flam«  pre- 
sents an  interestii^  problem.  The  same  amounts  of 
gas  and  air  bum  to  give  the  same  amounts  of  the 
same  products,  whether  the  air  blast  is  on  or  off. 
The  swne  amount  of  heat  is  produced,  and  the  same 
quantities  of  the  same  substances  are  heated.  The 
average  tem[>erature  throughout  the  flame  should 
therefore  he  the  same.  In  point  of  fact,  it  is  the  same,  but  the 
stream  of  hot  gas  is  moving  more  rapidly  when  the  blast  is  going. 
The  temperature  of  a  body  immersed  in  the  flame  depends,  on 
the  one  hand  upon  the  rate  at  which  heat  reaches  it,  and  upon 
the  other  on  the  rate  at  which  it  loses  heat  by  radiation.  The 
heat  is  partly  carried  by  the  moving,  heated  gases  (convection), 
aad  partly  transmitted  by  conduction  through  the  stalionary  layer 
(p.  503)  on  the  surface  of  the  body.  Now,  the  latter  is  the  slower 
[nncess.  Hence  a  rapid  stream  of  gas,  which  leaves  a  thinner  station- 
ary layer,  will  diminish  the  distance  the  heat  has  to  travel  by  coQ- 
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duction  and  bo  conv^  heat  to  tbe  body  faster  than  could  a  slow 
stream  of  the  aame  temperature.  ThuB,  with  a  blast  flame,  the  loss 
by  radiaUoD  is  the  same  at  the  same  temperature,  but  heat  reaches 
the  body  faster  and  so  the  temperature  of  the  body  more  nearly 
approaches  that  of  the  flame  itself. 

The  Bunsen  flame  is  hotter  than  an  ordinary  flame,  because  in  it, 
also,  tbe  gases  move  faster.     It  is  instructive  to  note  the  effect  of 
forcing  in  lai^r  and  larger  proportions  of  air  into  tbe  Bunsen  flame. 
The  flame  at  tbe  top  of  tbe  tube  continually  diminishes  in  size,  even 
after  it  has  become  non-lyminous.     Finally,  a  point  is  reached  at 
which  tbe  flame  is  so  unstable  that  tbe  smallest  further  increase  in 
tbe  supply  of  air  causes  it  to  descend  into  tbe  tube.     The  mixture 
of  illuminating-gas  and  sir  in  tbe  tube  of  a  Bunsen  burner  is  an 
explorave  one^  and  tbe  explosion-flame  will  proceed  through  it  with 
greater  ra^ndity,  tbe  more  nearly  tbe  quantity  of  air  approacbes  that 
required  for  complete  combustion.    When  the  speed  with  which  the 
explo^on-flame  would  move,  equals  that  with  which  tbe 
stream  of  the  mixed  gases  is  coming  upward  through  the 
tube,  the  flame  reaches  the  unstable  condition  just  men- 
tioned.     Any  increase  in  the  proportion  of  air  raises 
the  speed  with  which  the  explosion  can  travel,  and  the 
flame  is  thus  able  to  proceed  down  tbe  tube  against  the 
stream  of  gas.      Tbis  phenomenon  is  frequently  tioticed 
in  tbe  Bunsen  burner,  when  tbe  holes  admitting  the  ait 
are  too  large,  or  a  draft  momentarily  causes  an  increase 
in  tbe  supply  of  air.    Tbe  flame  rtrikat  back,  and  there- 
after continues  to  bum  at  the  bottom  of  the  tube. 

Structure  of  the  Bunsen  Flante.  —  When  an  ex- 
ceedingly small  luminous  flame  is  examined,  the  various 
parts  of  wbicb  it  con^sts  may  easily  be  made  out.     In 
the  interior  there  is  a  dark  cone  wbicb  is  composed  of 
iHuminating-gas  and  air,  and  in  it  no  combustion  is 
-     j^       taking  place.     A  match-head  may  be  held  here  for  some 
time  without  being  set  on  fire.     This  is  therefore  not 
properly  a  part  of  the  flame.     Outside  this  is  a  vivid  blue  layer  (C, 
Fig.  132)  which  is  beat  seen  in  the  lower  part  of  the  flame,  but  extends 
beneath  the  luminous  sbeatb,  and  covers  tbe  dark  itmer  cone  com- 
pletely.   Outside  tbe  blue  flame,  and 'covering  tbe  greater  part  of  it, 
is  the  cone-shaped  luminous  portion  (B),     Over  all  is  an  inviable 
mantle  of  non-luminous  flame  {A),  which  becomes  vimble  when  the 
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%bt  from  the  luminous  part  is  purposely  obetructed.  In  the  lumi- 
nous gas-flame,  tberefore,  there  are  four  re^ons,  if  we  count  the  inner 
cone  of  gas.  The  difference  between  this  and  the  non-luminous 
Bunsen  flame  is  that  in  the  latter  the  luminous  region  is  omitted, 
and  the  inner,  dark  cone,  the  blue  sheath,  and  the  outer  mantle, 
are  the  only  parts  which  otai  be  distinguished.  We  shall  see  that 
in  these  dUfer^kt  re^ons  the  ch^nlcal  changes  taking  {dace  are 
different. 

The  Cauaea  of  Luminority  and  Non-LurrUnoaity.  —  The 

study  of  the  chemical  changes  taking  place  in  the  Bunsen  Same, 
particularly  with  the  object  of  explajning  (1)  the  luminosity  of  the 
flame  of  the  pure  gas,  and  (2)  the  non-luminoeity  of  that  produced 
by  the  same  gas  when  it  is  mixed  with  air,  has  been  the  subject  of 
many  elaborate  investigatjons.  The  questions  are:  (1)  Why  is 
carbon  liberated  m  the  former  case,  and  (2)  why  is  it  not  liberated  in 
the  latter?    Let  us  consider  these  questions  in  order. 

1.  The  investigations  of  Lewes  (1892)  and  others  show  conclu- 
EDvely  that  the  free  carbon  in  the  luminous  zone  of  the  ordinary 
flame  is  accompanied  by  free  hydrogen,  and  that  both  are  formed 
by  dissociation  of  the  ethylene  in  the  inner  blue  cone.  This  sub- 
stance, when  heated,  gives  acetylene,  and  the  latter  then  dissociates 
into  carbon  and  hydrogen  (p.  591): 

CJH«  -» Hi  -H  OH,  -» 2C  +  H,. 

The  carbon  glows,  until,  as  it  drifts  outwards,  it  encounters  the 
oxygen  of  the  air  and  is  burned.  The  first  oxygen  encountered 
combines  more  readily  with  the  hydrogen,  eince  it  is  a  gas,  than 
with  the  carbon,  which  is  now  in  solid  particles  and  therefore  bums 
less  readily.  That  carbon  glows  when  heated  in  the  absence  of 
oxygen,  without  being  conswned.  Is  a  fact  familiar  in  the  behavior 
of  the  incandescent  electric  lamp,  the  filaments  of  which  were  all 
formerly  made  of  carbon. 

The  conception  that  when  hydrocarbons  bum,  they  first  undergo 
dissociation,  and  then  union  with  oxygen,  is  in  harmony  with  what 
we  have  observed  also  in  the  case  of  the  combustion  of  hydrogen 
sulphide,  where  the  presence  of  free  sulphur  and  free  hydrogen  in 
the  interior  of  the  flame  was  demonstrated  (p.  416).  That  acetylene 
is  actually  formed  as  an  intermediate  substance  is  eaaly  shown. 
It  is  found  that  when  the  Bunsen  flame  "strikes  lack,"  and  the 
combustion  of  the  gases  is  rendered  incomplete  by  the  contact  of  the 
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flame  with  the  cold  tube,  a  large  amount  of  acetylene  is  formed. 
Again,  when  the  gases  surrounding  the  flame  of  mr  burning  in 
il)uminating-ga£  (p.  595)  are  withdrawn  by  means  of  a  pump  and 
caused  to  pass  through  an  ammoniacal  solution  of  cuprous  chloride 
(Fig.  133),  large  quantities  of  copper-acetylide  are  precipitated. 

2.   The  influence  of  the  air  admitted  to  the  Bunsen  burner,  in 
interfering  with  this  dissociation  in  sucb  a  way  as  to  destroy  all 


m 
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luminosity,  is  the  most  difficult  point  to  explain.  The  effect  is 
frequently  attributed  to  the  oxygen  which  the  air  contains.  This 
view,  however,  is  seriously  weakened  by  a  consideration  of  the  un- 
doubted fact  that  oxygen  is  not  required.  Carbon  dioxide  or 
steam  is  equally  efficient  when  introduced  instead  of  air  (Fig,  134, 
gas  enters  at  a  and  COi  at  b).  Even  nitrogen,  which  cannot  possibly 
be  suspected  of  furnishing  any  ox^cn,  likewise  destroys  the  lumi- 
nosity. Lewes  has  shown  that  0.5  volumes  of  oxygen  in  1  volume  of 
coal  gas  destroy  the  luminosity.  But  2.30  volumes  of  nitrogen  or 
2.27  volumes  of  air  accomplish  the  same  result.  Thus  the  efficiency 
of  air  is  not  much  greater  than  that  of  nitrogen,  in  spite  of  the  fact 
that  one-fifth  of  the  former  is  oxygen. 

It  is  evident  that  the  effect  is  due,  in  part  at  least,  to  the  dilution 
with  a  cold  gas.  This  is  confirmed  by  the  observation  that  a  cold 
platinum  dish  held  in  a  small  luminous  flame  is  similarly  destruc- 
tive of  the  luminosity.  If  the  tube  of  the  Bunsen  burner  is  heated, 
so  that  the  mixed  gases  are  considerably  raised  in  temperature 
before  reaching  the  non-luminous  flame,  the  latter  becomes  lumi- 
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nous.  It  ia  probable,  therefore,  that  the  cold  gas  lowers  the  tem- 
perature of  the  inner  flame,  and  at  the  same  time  the  dilution 
diminishes  the  speed  with  which  the  free  carbon  is  formed  (Lewes). 
Even  if  the  temperature  is  not  reduced  below  that  at  which  dis- 
sociation ot  the  ethylene  can  occur,  yet  the  dilution  and  cooling, 
tt^ether,  prevent  that  sharp  dissociation  at  this  particular  point 
which  is  necessary  for  the  production  of  the  great  excess  of  free 
carbon  needed  to  furnish  light. 

Before  these  investigations  were  made,  a  different  answer  was 
given  to  the  question  why  the  flame  of  pure  illummating  gas  con- 
tains free  carbon  and  is  luminous.  It  was  said  that  hydrogen  was 
more  easily  burned  than  carbon,  and  therefore  the  latter  was  left 
free,  to  be  burned  later.  It  is  true  that  gaseous 
hydrt^en  bums  more  easily  than  solid  carbon  e.g., 
charcoal.  But  in  ethylene,  both  elements  are  equally 
gaseous  and  the  explanation  is  faulty.  Smith  el  la 
(1892)  demonstrated  the  falsity  of  this  explanation 
by  devising  a  cone-Bspantor  (Fig.  135).  The  air 
and  ethylene  or  other  gas  are  admitted  in  propor- 
tions which  can  be  varied,  and  the  mixture  bums  at 
the  top  of  the  wider  tube.  As  the^quantity  of  air  ip 
increased,  however,  the  speed  with  which  an  explosion- 
flame  would  pass  through  it  becomes  greater,  and 
finally  the  inner  cone  passes  down  and  rests  upon  the 
mouth  of  the  narrow  tube  through  which  the  mixture 
of  gases  is  issuing  more  rapidly.  A  preliminary  com- 
bustion takes  place  in  the  blue  cone,  while  the  final  con-  f"-  •**■ 
version  of  the  whole  material  into  carbon  dioxide  and  water  ia 
completed  in  the  outer  mantle.  This  remains  at  the  top  of  the 
wider  tube,  where  alone  the  necessary  wr  can  be  obtained.  By 
means  of  a  side  tube  (not  shown)  he  withdrew  the  inter-conal  gas 
and  found  that,  while  all  of  the  carbon  was  burned  by  the  inner 
cone  as  far  as  carbon  monoxide  CO,  most  of  the  hydrogen  was  still 
entirely  uncombined.  This  was  the  case,  not  only  with  illumitiating- 
gas,  which  initially  contains  much  free  hydrogen,  but  also  when  the 
flame  was  fed  with  pure  methane.  The  change  in  the  inner  cone  of 
the  Bunsen  flame  consists,  therefore,  mainly  in  the  burning  of  all 
the  hydrocarbons  to  carljon  monoxide,  with  liberation  of  the  hydro- 
gen. In  the  outer  cone,  it  is  practically  a  burning  of  water  gas 
that  b  taking  place. 
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Ex^daea.  —  1.  Write  a  graphic  formula  for  hexane. 

2.  Write  an  equaticm  for  the  formation  of  aluminium  carlnde 
(p.  589). 

3.  Make  a  section  showing  the  shape  of  the  Same  produced  l^ 
burning  hydrogen  gas  when  the  latter  issues  from  a  circular  opening. 

4.  Name  the  radicals  CtHu,  GiBio,  dBt,  Ch&i,  scad  the  sub- 
stances CjHuCl,  CiHuHSOi. 
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CHAPTER  XXX 

TBI  CAfiSOHTDUTES,   OKOAKIC  ACIDS,  ALCOHOLS,  SOAP, 
COLLOIDS,  rOODS 

A  FLANT  takes  carbon  dioxide  from  the  ^r  and  water  from  the 
ground  and,  using  the  energy  of  sunlight,  converta  them  into  a 
growing  framework  of  cellulose  (C«HioOt)i  and,  as  we  have  seen 
(p.  580),  into  starch  (CaHioOs).,  which  it  stores  in  the  ceUs.  The 
celluloee  of  certain  plants  furnishes  us  with  cotton,  linen,  jute, 
and  paper.  The  starch  of  wheat,  oats,  maize  (com),  and  potatoes 
is  one  of  the  chief  foodstuffs  they  contain.  The  plant,  when  dead 
and  buried,  changes  into  coal.  The  fresh  wood,  when  distiUed, 
Bupphes  wood  spirit  (methyl  alcohol)  and  other  us^ul  Bubstancee, 
and  the  residue  is  the  valuable  charcoal.  Furthermore,  from  starch 
we  can  readily  make  sugar,  alcohol,  and  other  familiar  materials. 
Cellulose,  starch,  and  the  sugars  (e.g.,  cane-sugar  CuHnOn)  contun 
oxygen  and  hydn^^  in  the  same  proportionB  in  which  they  are 
present  in  water,  2H  :  10.  They,  might  be  considered  hydrates  *of 
carbon,  and  so  th^  are  called  the  carbohydrates.  The  foregoing 
brief  summary  shows  that  the  cMrbobydnttM  introduce  us  to  a  much 
greater  variety  of  interesting  organic  compounds  than  does  petroleum. 

The   CABBOHTDaATGB 

Cettuioae  (QSuOe).  and  Paper.  — The  wall  of  each  cell,  and 
tiierefore  the  whole  framework  of  a  plant,  is  made  of  cellulose, 
linen  and  cotton  are  pure  cellulose.  The  walls  of  the  cells  are 
usually  more  or  less  thickened  by  a  substance  called  llgnin,  which 
has  much  the  same  composition,  but  different  chemical  behavior. 
The  best  paper  is  made  of  cotton  or  linen  (rag-paper).  Cheaper 
kinds  are  prepared  by  cutting  wood,  such  as  spruce  or  [Hne,  into 
chips  and  treating  ("cooking")  them  with  a  solution  of  caldum 
bEulphite  Ca(HSOs)i.  This  process  decomposes  the  lignin,  and 
'  converts  it  into  soluble  materials.  The  sulphite  liquor  is  then 
run  off,  sod  the  pulpy  material  is  washed,  beaten  with  water  to 
reduce  it  to  minute  shreds,  and  bleached  with  very  dilute  chlorine- 
water.  The  pure  cellulose,  now  p^ier-pulp,  is  suspended  ia 
803 
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water,  spread  on  screena,  pressed,  and  dried.  During  the  process, 
other  substances  are  added.  Thus,  sise  (gelatine  or  rosin  and 
alum,  Bee  Sizing)  prevents  the  ink  from  running;  pulverised  cal- 
cium sulphate  (gypsum),  clay,  and  other  white  solids  ("loading") 
give  body  to  the  paper  and  permit  the  production  of  a  smooth  sur- 
face by  rolling  ("calendering")-  Dyestuffs  can  be  added  to  give 
special  tints.     Filter  paper  is  pure  cellulose. 

The  sulphite  lyes,  after  neutralization  of  the  acids,  and  other 
treatment,  can  be  fermented  with  yeast  to  give  alcohol  (see  p.  607). 
Pure  cellulose  gives  no  sugar,  so  that  the  alcohol  comes  from  decom- 
position products  of  the  Hgnin. 

Starch  (GHioOOv  —  Starch  condsts  of  little  colorless  granules 
of  various  rounded  shapes  (Fig.  136),  which  are  easily  seen  under 
the  microscope.  These  granules  are  massed  in  lai^  quantities 
in  the  ears  of  wheat  and  oats,  in  the  tubers 
of  potatoes,  in  the  grains  of  maize  (com), 
and  in  peas  and  beans.  Even  in  the  leaves 
—^  they  can  be  seen.  Starch  is  rect^ntzed  by 
^c3  the  iodine  test  (p.  276),  turning  deep  blue 
with  a  trace  of  free  iodine. 

The  treatment  of  wheat  flour,  which 
°'  is  three-fourths  starch,  by  washing  out 

the  starch  through  porous  cloth  with  water,  has  already  been  de- 
scribed (p.  5).  Starch  is  made  from  maize  in  America  and  from 
potatoes  in  Europe,  by  washing  the  Sour  on  sieves. 

Starch  is  not  soluble  in  water.  If  boiled  with  water,  however, 
the  granules  swell  and  break  and  the  starch  is  diffused  thfougfa 
the  water,  giving  a  clear  liquid.  If  too  much  water  is  not  used,  the 
liquid  when  cold  sets  as  a  jelly.  While  the  liquid  is  hot,  much  of 
the  starch  will  pass  through  a  filter  along  with  the  water.  Such 
a  hquid  is  called  a  colloidal  suspension.  Suspendons  like  this  are 
constantly  met  with  in  using  complex  organic  compounds  like  jellies, 
glues,  soaps,  and  dyes.  Even  insoluble  inorganic  materials,  like 
gold,  give  such  suspensions  (see  p.  621). 

The  colloidal  suspension  of  starch  turns  blue  when  a  soluttoQ 
containing  free  iodine  is  added  to  it.  It  is  used  in  the  laundry  for 
stiffening  white  goods.     Glucose  is  manufactured  from  it. 

Glucose  CtH\iOt,  a  Sugar,  from  Starch.  —  When  starch  ib 
boiled  with  water,  to  which  a  few  drops  of  an  acid  (contact  agent), 
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8ucb  as  hydrochloric  acid,  have  been  added,  the  liquid,  after  neutrali- 
zation of  the  acid,  is  found  to  be  sweet.  One  of  the  sugars,  glucose 
C«Hi»0«,  can  be  obtained  in  crystals  after  evaporation.  The  crystals 
form  "brewers'  glucose"  and  the  syrup  produced  by  concentration 
is  com  lyrup  (if  maize  is  the  source  of  the  starch).  The  latter, 
although  less  sweet  than  ordinary  sugar,  is  much  less  expenMve 
and  is  used  in  making  preserves  and  cheap  candy. 

The  molecular  weight  of  starch  is  at  least  as  large  as  (C«HieOK)too- 
The  formula  (CflHio()6\  sVows  the  composition.  The  water,  in 
presence  of  a  little  acid,  decomposes  the  molecules  and  combines 
with  the  material.  First,  dextrin  (used  as  paste  or  mucilage)  is 
formed  and  this  breaks  up  into  glucose.    The  action  is  an  hydrolysis: 

(CJIi^b),  +  i/HsO  ->  yC,H,jO.. 

Glucose  is  known  also  as  dratrose  and  as  gimp*  sugar.  The 
crystalline  granules  in  raisins  (dried  grapes)  are  composed  mainly 
of  it.  When  pure,  it  is  almost  colorless.  It  reduces  cupric  hydrox- 
ide, in  Fehling's  solution  [q.v.),  to  cuprous  oxide. 

Com  syrup  contains  30-40  per  cent  of  unchanged  dextrin,  40-50 
per  cent  of  glucose,  and  the  rest  water. 

The  Sugars.  —  The  common  si^rs  may  be  divided  into  the 
numoMwcharldM,  usually  with  the  formula  C«HigO<,  and  the  diaaecbm- 
lidM,  usually  CuHhOh.  Of  these,  the  following  will  be  referred  to 
in  what  follows: 

MoQouocharidM:  Gluoose    (grape  sugar  or  dextrose)  C«HitOt, 
FnictoM  (fruit  sugar  or  levulose)  C»HuOe. 

DisoccluridM:        Suctosb    (cane  sugar,  beet  sugar)  CisHdOh. 
MaltoH    (action  of  malt  on  starch)  CnHjitOii. 
Lactoia    (milk  si^ar,  in  animals  only)  CuHuOu. 

Sucrose,  or  Cons  Sugar  CaH-aOn.  —  Plants,  such  as  the  sugar- 
cane and  beet,  besides  forming  cellulose  and  starch,  produce  excep- 
tional amounts  of  Bucrose,  or  table  sugar.  The  sap  of  the  sugar 
maple  contains  much  of  it. 

Cane  sugar  is  extracted  by  crushing  the  stalks  between  rollers, 
and  evaporating  the  expressed  liquid  (18  per  cent  sugar)  in  closed 
pans.  A  partial  vacuum  is  maintained  so  that  the  solution  may 
boil  at  a  low  temperature  (65°  to  begin  with)  and  none  of  thi  sugar 
be  decomposed.    When  the  syrup  cools,  the  sucrose  appears  in 
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brown-colored  crystals.  The  mother-liquor  is  called  motaseea. 
In  the  refinery,  the  sugar  is  redissolved,  the  solution  is  poured  through 
a  coluDiu  of  charcoal,  which  takes  out  the  coloring  matter,  and  the 
liquid  ia  once  more  allowed  to  deposit  crystals.  Pure  cane-sugar 
has  a  faint  yellow  tint,  and  a  small  amount  of  ultramarine  (,q.v.)  is 
added  to  give .  that  whiteness  which  is  popularly  connected  with 
purity  in  sugar. 

Sugar  beets  (16  per  cent  or  more  sugar)  are  sliced  and  steeped 
in  water.  The  extract  contains  a  gummy  material  in  coUcudal 
suspen^on.  This  is  coagulated  and  precipitated  by  addii^  slaked 
lime  (calcium  hydroxide)  Ca(OH)i  suspended  in  water,  and  boil- 
ing. After  separation  of  the  clear  liquid,  carbon  dioxide  is  passed 
through  it  to  precipitate  the  excess  of  lime  as  carbonate  CaCOa. 
The  solution  is  then  decolorized  with  charcoal  ajid  evapor^ed  to 
crystalliaation. 

As  regards  jvopcrtiat,  sucrose  crystallizes  in  four-dded  prisms 
(rock-candy,  Fig.  73,  p.  173)  and  melts  at  160°.  When  heated  to 
200-210°  it  partially  decomposes,  leaving  a  soluble,  brown,  mixed 
material,  caramal,  used  in  coloring  whisky  and  soups.  Sucrose  does 
not  reduce  Feblii^'s  solution. 

When  boiled  with  water  containing  a  trace  of  add  (contact 
agent),  sucrose  is  hydrolyzed,  ipving  a  mixture  of  the  two  mono- 
saccharides, glucose  and  fructose: 

CaHaO,,  +  HjO  -» CJIitO,  +  CJIisO*. 

The  process  is  called  Invsralon,  and  the  mixture  Invart-flUgar.  It  is 
found  in  many  sweet  fruits  and  in  honey.  E^h  sugar  interferes 
with  the  crystallization  of  the  other,  by  lowering  the  freezing-point 
(p.  335),  and  so  invert-sugar  is  added  in  making  fondant  candy  and 
candy  that  is  to  be  pulled,  both  of  which  must  remain  soft  for  some 
time.  Icing  for  cakes  has  to  some  extent  this  property,  and  is  made 
by  adding  acid  substances  to  sugar,  such  as  vinegar,  lemon  juice,  or 
cream  of  tartar. 

The  action  of  the  add  in  inversion  is  catalytic,  and  the  rate  of  this 
more  or  less  leisurely  chemical  change  depends  upon  the  oonoentra- 
tjon  of  the  hydrt^n  ions.  It  therefore  furnishes  one  means  of 
comparing  acids  as  regards  their  chemical  activity,  and  has  the 
special'  advantage  that  the  acid  is  not  consumed  during  the  process 
(cf.  p.  295),  but  remuns  of  constant  concentration  throughout  the 
whole  time. 
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Enaymea.  —  These  are  active  orgamc  compounds  contained  in 
certain  vegetable  oi^anisms.  The  oi^nisms  may  be  divided  into 
three  classes,  each  secreting  different  enzymes,  which  confine  them- 
selves for  the  most  part  to  special  kinds  of  chemical  change.  (1) 
The  moldi,  when  grown  in  sugar  solution  or  beef  extract,  ot  other 
nutritive  solutions,  produce  decomporitions  known  collectively  as 
putrefaction.  (2)  Certain  bactsrla  promote  the  oxidation  of  alcohol 
to  acetic  acid  (see  p.  609).  Some  also  decompose  sugar,  furnishing 
butyric  or  lactic  acid  as  one  of  the  products.  (3)  The  rvMto  (soc- 
ckaromycetes),  decompose  sugars  into  alcohol  and  carbon  dioxide. 
They  consist  of  microscopic  cells,  which,  while  multiplying,  secrete 
within  each  cell  two  very  active,  soluble  substances.  These  are 
zymua  and  micrue  (invertase),  which  belong  to  a  class  of  oiganic 
substances  called  enzrmw.  Sucrase  means  an  enzyme  that  splits 
sugar.  Enzymes  produce  remarkable  chemical  changes  by  their 
mere  presence  (contact  actions). 

Enzymes  which  produce  still  other  kinds  of  chemical  change  are 
found  in  the  body,  such  as  pep^  which  hydrolyses  proteins  in  the 


AlcohMc  Fermentatitm.  —  Wh^i  some  yeast  (8.  cerevina), 
which  is  a  mass  of  the  living  pltuits,  ia  added  to  a  solution  of  glucose 
at  about  30°,  the  small  amount  of  eymase  gradually  decomposes 
the  sugar.  Bubbles  of  carbon  dioxide  soon  begin  to 
rise,  and  may  be  tested  (p.  501)  with  limewater 
(Fig.  137).  At  the  same  time,  alcohol  (ethyl  alcohol 
CiHtOH)  accumulates  in  the  liquid: 

C^uO.  -» 2C0,  t  +  2C,H^H. 


Yeast  will  ferment  fructose  CoHuOc  with  the  same 
result,  but  more  slowly,  so  that,  when  placed  in  in-   I 
vert  sugar,  it  decomposes  the  glucose  first  and  the 
fructose  afterwards. 

Zymase  does  not  act  upon  sucrose  (table  sugar), 
but  sucrase  hydrolyzes  the  sucrose  in  the  same  way  as  does  a,  dilute 
acid,  ^ving  invert-sugar.     The  latter  is  then  decomposed  by  the 
zymase,  and  so  cane-sugar  in  solution  is  fermented  by  yeast  into 
alcohol  uid  carbon  dioxide,  just  as  is  glucose,  only  more  dowly. 

In  making  wine,  the  glucoee  contEuned  in  the  grape  juice  is  fer- 
mented by  a  species  of  yeast  found  on  the  Bkins  of  the  grapes  (iS. 
^Uipsoideus).    The  wine  is  allowed  to  stand,  after  fenuentatioD,  uht 
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til  it  has  depodted  a  considerable  crust  of  material  known  as  argol, 
which  consists  mainly  of  potassium-hydrogen  tartrate  KHCtHfO*, 
cream  of  tartar.  The  concentration  ot  the  sugar  in  the  grape- 
juice  being  small,  the  quantity  of  alcohol  contained  in  the  product  is 
not  very  great.  By  distillation  of  wine,  brandy,  containing  a  much 
larger  proportion  of  alcohol,  is  made.  The  special  flavors  of  wines 
and  brandies  depend  upon  materials,  other  than  sugar,  orifpnally 
conttuned  in  the  fermented  liquid,  upon  by-products  of  the  fermenta- 
tion, and  upon  materials  which  arise  by  slow  chemical  chuiges 
while  the  liquor  is  stored. 

Oomm«reial  alcohol  is  not  made  from  sugar,  but  from  the  starch 
of  potatoes  or  maue.  When  Imrley  is  allowed  to  sprout,  an  enzyme, 
anqrliBe  (meanii^  starch-splitting  enzyme)  or  diastase,  is  formed  in 
the  ears.  The  whole  material  is  dried,  and  is  then  called  malt. 
When  this  is  mixed  with  starch  and  water,  the  amylase  hydrolyzes 
the  starch  to  maltose  CijHaOn  (p.  605).  The  latter  is  then  further 
hydrolyzed  by  yeast  to  form  glucose  CtHitO«,  and  this  is  decomposed 
by  the  zymase  into  alcohol  and  carbon  dioxide. 

Vbliky  (about  50  per  cent  alcohol)  is  made  by  treating  the 
starch  of  rye,  maize,  or  barley  in  the  same  way,  with  subsequent 
distillation  (see  below)  to  separate  the  alcohol  (whisky).  Bear  is 
made  similarly  from  various  kinds  of  grain,  especially  barley,  but 
the  fermented  liquor  is  not  distilled.  Aside  from  the  alcohol  and 
carbon  dioxide,  considerable  quantities  of  other  substances  extracted 
frpm  the  grain  rem^n  in  the  solution  and  form  the  so-called  "ex- 
tract," which  varies  in  kind  and  quantity  in  different  varieties  of 
beer. 

When  used  in  bread-making,  the  yeast  acts  upon  a  trace  of  sugar 
in  the  flour,  and  the  carbon  dioxide  gas  evolved  raises  the  bread. 

Ethyl  Alcohol  CtHtOH.  —  Common  alcohol  is  related  to 
ethane  C«H«,  having  an  hydroxyl  group  in  place  of  one  unit  of 
hydrogen.    Hence  its  name. 

Ethyl  alcohol  boils  at  78.3°  and  so,  when  the  fermented  liquor 
is  distilled  (rectified)  it  is  almost  pure  alcohol  that  cornea  off.  Com- 
merciaT  alcohol  contains  95  per  cent  by  volume  (in  Great  Britfun, 
90  per  cent).  Abtolute  alcobol  cannot  be  made  by  distillation 
alone  (see  below).  It  is  prepared  by  adding  quicklime,  which 
combines  with  the  water,  and  redistilling  the  liquid. 

Alcohol  mixes  with  water  in  all  proportions.  In  dilute,  aqueous 
solution  it  is  not  ionized,  and  does  not  interact  with  acids,  bases, 
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or  salts.  It  is,  however,  easily  oxidized  to  acetic  acid.  Wbea 
water  is  absent,  it  interacts  with  acids  slowly  (see  p.  617). 

Alcohol  is  uMd  as  a  solvent  for  the  resins  employed  in  making 
vamishee  for  wood  and  lacquers  for  metal. 

On  account  of  the  high  duty  on  95  per  cent  alcohol  ($2.11  per 
gallon  in  the  U.  S.  and  24/6  in  Gt.  Britain),  danatursd  alcohol 
(methylated  spirit),  which  is  free  of  duty,  is  employed  for  indus- 
trial purposes.  The  alcohol  (cost  about  22  cents  per  gal.  in  the 
U.  S.  and  1/6  in  Britain)  is  mixed  with  offensive  or  poisonous  ma- 
terials, which  prevent  its  consumption  as  a  beverage,  without  inteiv 
fering  with  other  uses.    Wood  spirit  and  gasoline  are  often  employed. 

Distillation,  of  Ethyl  Alcohol.  —  Mixtures  of  two  liquids, 
when  distilled,  behave  in  one  of  three  ways.  Two  of  these  have 
been  described  already  (p.  212),  and  alcohol  (b.-p.  78.30°)  and 
water  (b.-p.  100°)  illustrate  the  third.  In  this  case  the  vapor  tensioa 
of  a  certain  mixture  is  higher  than  that  of  any  other  mixture  and 
higher  than  that  of  either  component  separately.  This  special 
mixture  has,  therefore,  a  lower  boiling-point  than  any  other.  In 
the  present  instance  this  mixture  contains  95.57  per  cent  of  alcofaol 
and  4.43  per  cent  of  water  and  boils  at  78.15°.  When  the  fermented 
liquid,  with  its  lai^e  percentage  of  water,  is  distilled,  the  alccdid  all 
tends  to  pass  off  first,  in  association  with  that  part  of  the  water 
required  to  constitute  the  mixture  of  minimum  boiling-point.  Re- 
peated distillation  amply  eliminates  more  completely  the  excess 
of  water  beyond  this  amount  (viz.,  4.43  per  cent),  by  leaving  it  in  the 


Acetic  Add  HCOaCHs.  —  This  is  the  sour  substance  in  vinegar, 
fmd  has  many  industrial  applications.  Vinegar  is  made  by  oxi- 
dizing  alcohol  with  atmospheric  oxygen,  using  an  enzyme  secreted 
by  bacterium  aceti  (mother  of  vinegar)  as  contact  agent.  Oxygen 
alone  does  not  affect  alcohol  in  the  cold.  Dilute  alcohol  from  any 
source,  such  as  fermented  apple  juice  (hard  cider),  is  allowed  to 
trickle  over  shavings  in  a  barrel.  Holes  admit  air,  and  the  shavings 
are  inoculated  in  advance  by  wetting  with  vinegar: 

HOCHjCH,  +  0,-*HCO,CH»  -|-  H.O. 

The  issuing  liquid  contains  5-15  per  cent  of  acetic  acid,  wbiob  can 
be  purified  by  fractional  distillation  to  separate  the  water.  It 
boils  at  118°  and  freezes  at  16.7°.    Although  four  atoms  ci  hydro- 
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gen  are  contained  in  its  molecule,  but  one  of  these  is  replaoeable 
by  metals.  This  fact  is  recognized  in  the  reaction  formula  of 
tlie  add,  HCiHaOi,  or  HCOiCH«.  It  is  a  weak,  monobasic  acid: 
HCOiCH,  Ti  H+  +  COjCH,- 

WoOD,  Chabcoal,  Coal,  Coke 

Destructive  DiatiUation  of  Wood.     Charcoal,  —  Dry  wood 

is  distilled  in  iron  retorts,  and  the  vapors  coming  off  are  led  throi^ 
a  condenser  to  separate  the  liqwds  from  the  gases.  The  cellulose, 
ligoin,  moisture,  and  reduous  material  are  decomposed  or  volatilised, 
and  only  charcoal  remains.  The  gases,  consisting  mainly  of  hydrogen, 
metliane  CHj,  etliane  C»Ha,  ethylene  C»Ht,  and  carb(Hi  monoxide 
CO,  are  employed,  on  account  of  their  combustibility,  as  fuel  in  the 
distillation  itself.  The  fluids  form  a  complex  mixture  containing 
laige  quantities  of  water,  methyl  alcohol  CHiOH  (wood  spirit), 
acetic  acid,*  acetone  (CH))]CO,  and  tar.  The  liquids  can  be  sepa- 
rated. The  methyl  alcohol  (wood  spirit)  is  used  in  varnish  making. 
The  acetone  has  several  uses  (e.g.,  p.  593). 

Wood  durcoal  exhibita  the  cellular  structure  of  the  material 
from  which  it  was  made,  and  is  therefore  highly  porous  and  has 
an  enormous  internal  surface.  When  the  charcoal  is  burned,  the 
mineral  constituents  of  the  wood  appear  in  the  ash.  This  is  com- 
posed of  the  carbonates  of  the  metallic  elements  present.  For 
certain  purposes,  charcoals,  made  in  the  same  fashion  as  the  above 
from  bones  and  from  blood,  find  wide  application.  The  former, 
called  bone  black,  contains  much  calcium  phosphate  (p.  548).  In 
the  old  method  of  making  charcoal,  which  is  still  practiced,  the 
wood  was  piled  up,  covered  with  turf,  and  set  on  fire.  All  the  ■«Jua- 
ble  volatile  products  were  lost,  as  well  as  part  of  the  charcoal  itself. 

In  the  laboratory,  pure  carbon  is  made  by  dissolving  sugar  in 
littJe  water  and  adding  concentrated  sulphuric  acid  as  a  dehydrating 
agent:  CitHHOii-»  12C  +  llHiO.  The  black  mass  is  washed 
with  water  until  free  from  the  acid.  The  sugar  is  purified  from 
mineral  matter,  before  use,  by  crystalHzation  from  water. 

Propertiea  ttf  Charcoal.  —  Charcoal  is  amorphous  carbon  (den- 
sity nuiable,  up  to  1.8).     It  exhibits  certain  propertiea  which  are 

*  T^  dry  diBtillation  td  bones  (see  below),  on  the  other  h&nd,  and  of  tii'titI 
matter  (p.  620)  im  general,  gives  i''^"'*"''  liquide,  because  of  tbe  ammonia  that  ia 
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not  glared  by  other  fonns  of  carbon.  For  example,  it  can  take 
up  large  quantities  of  many  gases.  Boxwood  charcoal  will  in  this 
way  absorb  ninety  times  its  own  volume  of  ammonia,  fifty-five  vol- 
umes of  hydrogen  sulphide  or  nine  volumes  of  oxygen.  Freshfy 
made  dogwood  charcoal  (used  in  making  the  best  gunpowder), 
when  pulverized  immediately  after  its  preparation,  often  catches  fire 
spontaneously  on  account  of  the  heat  lib^ted  by  the  condensation 
of  oxygen.  It  is  therefore  set  aside  for  two  weeks,  to  permit  the  slow 
absorprtion  of  moisture  and  air.  The  absorbed  gases  may  be  removed 
unchained  by  heating  the  charcoal  in  a  vacuum.  The  phenomenon, 
described  as  adsorption,  is  caused  by  the  adhe^on  of  the  gases  to  the 
very  extensive  surface  (due  to  ponmty)  which  the  ch&rcoal  poeeessea. 
Glass  and  all  other  solids  show  the  same  property,  though  in  a  smaller 
degree  (p.  147).  Solid  and  liquid  bodies  are  also  in  many  cases  taken 
up  by  charcoal  in  a  similar  fashion.  Thus,  organic  dyes,  Euch  as 
indigo,  litmus,  and  cochineal,  and  natural  coloring  matters  (see 
sugar  refining,  p.  606),  which  are  alT  more  or  less  colloidal  in  nature, 
are  removed  when  the  liquid  is  shaken  with,  or  poured  through 
pulverized  charcoal.  The  organic  materials  dissolved  in  the  drinking 
water  also  undei^  adsorption  in  charcoal,  but  the  charcoal  soon  be- 
comes inactive.  Charcoal  is  likewise  used  in  redudi^  ores,  and 
as  a  smokeless  fuel. 

Coal.  —  When  vegetable  matter  decomposes,  vrithcnit  heating, 
and  while  covered  with  sand  or  clay  so  that  air  ia  exduded,  water 
and  hydrocarbons  are  liberated,  and  the  products  are  peat,  or  bitumi- 
nous coal,  or  anthracite. 

We  are  concerned  munly  with  the  products  obtfuned  by  dia- 
tilltng  coal,  to  get  coal  gas  and  coke,  and  with  its  use  as  fuel.  To 
determine  its  suitability  for  various  purposes,  the  coal  is  analysed, 
and  its  heating  power  is  measured. 

In  coal  analyiAi,  the  air-dried  material  is  used.  The  vxUer  is 
determined  by  heating  I  g.  at  105°  for  1  hour.  Much  water  lowers 
the  fuel  value,  because  heat  is  wasted  in  vaporizing  it,  and  in  de- 
composiog  it  {cf.  p.  577).  After  reweighii^  the  sample,  the  coal  is 
heated  with  ijie  Bunsen  flame  in  a  covered  crucible  to  drive  off 
the  v(^aHle  matter.  After  weighing  again,  tdr  is  admitted,  and 
strong  heat  is  applied  to  bum  up  the  fixed  carbon  (coke).  The 
residue  is  the  ash.  In  the  following  table  the  proportions  are  com- 
pared with  seasoned  wood  on  the  one  hand,  and  with  churooal  and 
coke  on  the  other, 
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The  nlorlflc  powar  of  a  coal  determines  largely  its  value  tot 
heating.  A  sample  (about  1  g.)  is  burned  in  a  IxHnb  caloiimeter 
(p.  98).  The  rise  in  temperature  of  a  known  weight  of  surround- 
ing water  gives  the  number  of  calories.  The  coal  is  set  on  fire  by 
a  wire  heated  electrically.  Engineers  use  the  number  of  British 
Thermal  Units  (1  B.T.U.  =  heat  required  to  raise  1  lb.  of  water  1°  F.) 
developed  by  1  pound  of  coal.  The  number  of  B.T.U.  -  1.8  X 
number  of  calories  per  gram  of  coal. 

Bituminous  coals  give  much,  and  widely  varying  amounts  of 
volatile,  matter,  while  anthracite  gives  very  little.  The  ash  is  the 
mineral  matter  of  the  original  plante,  with  rock  material  in  many 
specimens.  For  coal  gas,  and  even  for  coke,  a  coal  high  In  volatile 
matter  is  chosen.  For  water  gas  (p.  577)  anthracite  or  coke  is 
employed. 
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If  the  heat  of  combustion  of  a  coal  is  known,  the  amount  cS 
steam  it  should  furnish  can  be  calculated.  It  takes  100  cal.  to 
nuse  1  g.  of  water  from  0°  C.  to  100°  C.  and  540  cal.  more  to  con- 
vert it  into  steam.  If  the  quantity  of  steam  b  too  small,  the  furnace, 
draft,  or  firing  is  defective.  Too  much  draft,  for  example,  merely 
adds  additional,  useless  air  to  be  heated.  If  the  Sue  gas,  when 
analyzed,  contains  only  3  per  cent  of  carbon  dioxide,  instead  of  the 
normal  12  per  cent,  then  for  every  ton  of  coal  burned,  52  tons  of 
unnecessary  air  were  raised  to  the  temperature  of  the  furnace.  Testa 
of  this  kind  can  control  the  efficiency  of  every  device  in  a  modem 
factory,  and  they  ought  to  be  in  universal  use. 

Coal  Cm.  — The  gas  plant  (Fig.  138)  includes:  (1)  The  fire- 
brick retorts  in  which  the  coal  is  heated  to  1300°,  (2)  the  hydraulic 
main,  a  wide  iron  pipe  above  them  in  which  the  tar  collects,  (3) 
the  omdenser  and  wash  box  for  cooling  and  oondensiDg  dla,  (4) 
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the  scrubbers  where  the  ammonia  is  taken  out  by  water,  (5)  the 
purifier  where  hydrogen  sulphide  ia  absorbed  by  hydrated  ferric 
(Bcide  and  (6)  the  holder  where  the  gas  collects. 


One  abort  ton  (2000  Iba.)  of  the  bituminous  coal  in  the  above 
table  gave:  Gas  10,500  cu.  ft.  with  13  candle  power,  coke  1325  lbs., 
ammonia  5  lbs.  {=  20  Iba.  (NH4)iS0(  worth  $60  per  ton),  and  tar 
12  gallons.  The  components  of  the  gas  were:  Illuminants  3.8, 
heating  gases  90.2,  impurities  6.0.  Calori&c  power  of  gas  610  B.T.U. 
per  cu.  ft.;  sp.  gr.  {air  =  1)  0.43. 

The  tar  is  frequently  distilled  fractionally  and  yields:  Benzene 
C«Hc,  from  which  aniline  and  many  dyes  and  drugs  are  prepared; 
naphthalene  CinHg,  sold  as  moth-balla,  and  the  starting  point  for 
synthetic  indigo;  anthracene  CjtHio,  from  which  valuable  dyes 
such  as  alizarin  and  indanthrene  are  made;  phenol  or  carbolic 
acid  (p.  527),  a  disinfectant,  and  other  useful  substances.  A  rougher 
separation  yields  tar  and  pitch,  for  road-making,  preserving  timber, 
and  waterproofing  roofs. 

Coke.  —  The  bMhiv*  coke  oven  is  a  brick  structure  shaped  like 
a  beehive,  with  an  additional  opening  at  the  top.  The  coal  which 
fills  it  bums  with  a  limited  supply  of  air.  All  the  vapors  and  gae 
bum  at  the  upper  opening,  and  the  ammonia  and  tar  and  com- 
bustible gas  are  therefore  wasted  (cf.  p.  516). 

The  t^-product  coke  oven  is  a  good  deal  like  a  gae  plant.  The 
chief  difference  is  that  the  heating  is  arranged  so  as  to  decompose 
as  much  of  the  volatile  matter  as  possible,  and  cause  it  to  leave  its 
carbon  in  the  retort.  The  gas  is  therefore  poor  in  illuminants,  but 
excellent  as  fuel.  The  ammonia  and  tar  are  diminished  in  amount, 
but  still  valuable  products.  The  yield  of  coke  is  about  73  per  cent 
of  the  original  coaj,  against  66  per  cent  from  the  bephive  oven. 

Buming  coke  {^ves  a  higher  temperature  than  does  coal,  be- 
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cause  DO  heat  is  used  in  vaporizing  moisture  and  volatile  matter. 
For  the  same  reason,  it  bums  without  flame.  Because  of  these 
and  other  properties,  it  is  employed  in  immense  quantities  in  re- 
ducing ores  of  iron  in  the  blast  furnace,  as  well  as  for  many  other 
purposes. 

Oboanic  Acids  and  S&i/rs 
lliua  far,  one  acid,  acetic  add,  and  two  alcohols,  methyl  uid 
ethyl  akobol,  have  been  mentioned.    But  there  are  whole  series 
of  organic  adds  and  alcohols,  corresponding  to  the  series  of  hydro- 
carbcras. 

Organic  Acidg  and  Their  Salts.  —  The  general  formula  of  the 
saturated  series  of  monobasio  adds  is  H(COtCH«^i).     Thus: 

Fanojfs  acid  (n  -  0),  H(COiH).  Palmitio  acid  (n  -  15),  H(CO|CuHb). 
Acetic  add  (n  -  1),  H(CO,CH.).  Stearic  acid  (n  -  17),  H(C(Va>Hu). 
Butyric  add  (n  -  3),  H(CCHCtHi). 

Formic  (Lat.  formica,  an  ant)  add  is  secreted  by  red  ants.  Formic 
(,b.-p.  100.1°),  aceMc,  and  butyric  adds  are  liquids.  Palmitic  and 
stearic  acids  are  solids,  and  are  mixed  with  paraffin  in  making  candles. 

Acids  containing  less  hydrogen  are  unsaturated.  Thus,  oldc 
add  (n  =  17)  is  H(CaCiTH»). 

The  adds  with  large  molecular  wdght  are  insoluble  in  water. 
AD  the  adds,  however,  react  with  sodium  hydroxide  solution,  giving 
BohiUe  salts.    Thus,  palmitic  add  gives  sodium  palmitate: 
NaOH  +  H{CO,CuH«)  i=t  H»0  +  NaCCO,CiJI,i). 

Otiier  salte  are  sodium  formate  (p.  677)  Na(COiH),  sodium  acetate 
Na(CX)iCEI)),  sodium  stearate  NaCCOtCirHu),  sodium  oleate  Na 
(GOiCaHa)-  Common  soap  is  a  mixture  of  the  last  two  salts  with 
sodium  palmitate. 

I^ter,  in  discussing  fats  and  soap,  it  will  be  convenient  to  abbre- 
viate the  formulse.  A  monobasic  add  will  be  indicated  by  the 
formula  HCO,R  and  a  salt  by  NaCOjR  or  CaCCO,R)j,  where  R 
stands  for  a  hydrocarbon  radical  or  group  of  atoms,  such  as  C^»,.|.i 
In  organic  chemistry  a  radical  is  not  always  able  to  form  an  ion. 
Here  the  ion  is  COjR". 

Formic  Add  BCOtH'  —  The  removal  of  water  from  formic 
add  produces  carbon  monoxide  (p.  577).    Although  we  cannot 
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reverae  the  process  and  cause  carbon  monoxide  to  ctHobine  with 
water,  yet  by  passing  carbon  monoxide  over  hot  sodium  hydroxide, 
we  obtEun  sodium  formate,  from  which  formic  add  may  be  libei^ 
ated  by  double  decomposition  with  another  acid:  CO  +  NaOH— * 
NaCOJI. 

This  acid  is  secreted  by  red  ants,  and  is  found  in  stinging  nettles. 
It  is  a  liquid  boiling  at  100.1"  and  freezing  at  8.6°.  Although  one  at 
the  weaker  acids,  it  is  much  more  active  than  acetic  acid.  The 
molecule  contains  two  atoms  of  hydrogen,  but  the  acid  is,  in  fact, 
monoba^c.  The  structural  formula  of  the  acid  must  take  account 
of  this  fact.     Three  poflsibilitiea  present  themselves: 

/0-H  0  0  H.       .0 

C  II  II  CI 

^0-H       H-C-O-H  H-C-O-Na       H^     ^O 

In  the  first  and  last  the  hydrogen  units  should  behave  alike.  The 
second  formula  is  the  only  one  which  expresses  the  replaceability  of 
one  unit  and  not  of  the  other  by  a  metal.  Since  the  hydrogen  in 
methane  is  not  replaceable  by  metals  (p.  588),  we  infer  that  thjB  unit 
directly  combined  with  carbon  ia  the  non-replaceable  one.  Sodium 
formate  is  therefore  represented  by  the  third  formula. 

Acetic  Add  BCOtCHu  —  This'  add  is  produced  in  the  dry 
distillation  of  wood  (p.  610).  Large  quantities  of  it  are  manufactured 
from  dilute  alcohol  (p.  609).  The  properties  of  acetic  add  have 
already  been  described  (p.  609). 

Although  four  atoms  of  hydrogen  are  contained  in  its  molecule, 

but  one  of  these  is  replaceable  by  meteJs.    This  fact  is  recognieed  in 

the  constitutional  formula  (p.  563)  of  the  add,  CH|CO(OH).    In  this 

add  a  radical,  methyl  CH|— ,  takes  the  place  of  H  in  formic  add. 

0 

T^us  the  group  — C  — 0— H,  called  oarixn^  is  contained  in  meet 
carbon  adds,  and  in  each  of  them,  aa  in  formic  acid,  bears  the 
replaceable  hydrogen  unit.  The  other  three  hydrogen  units  in  acetic 
add,  however,  are  replaceable  by  chlorine,  as  is  the  case  with  the 
bydn^en  unita  in  hydrocarbons. 

The  above  brief  etatemeata  in  legard  to  the  mode  of  expree^ng  the'chemical 
propertiei  erf  a  eubstanoe  by  an  daborated  formula  bring  out  a  trndenay  which 
prevBilB  in  the  behavior  of  wganio  eubetaooes  and  is  almoflt  oitirelj  lacking  in 
inorganio  obemistry.  The  unite  may  be  removed  from  the  molecule  of  on  ari^iaa 
BUbotance  one  by  one,  and  other  unita  or  groups  may  be  aubetituted  for  tb«n  witl^ 
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out  disturbing  the  reatof  the  molecule.  The  chuiges  take  place,  not,  as  in  the  caae 
of  ionised  Bubetonoee,  by  the  flitting  of  the  molecule  into  two  or  more  groiqw 
which  tutt  aa  wholes,  but  by  the  diaplftcemeat  of  the  unite  piecemeal  and  the  intro- 
duction of  new  propertiea  according  to  the  nature  of  the  groups  introduced.  Tbua, 
if  by  any  means  we  replace  an  atom  of  hydrogen  by  the  carboxyl  radical  (see  above), 
the  product  ia  an  acid.  If  we  replace  it  aimply  by  the  group  OH  the  product  is 
an  alcohol.  Each  aubstitution  may  take  place  repeatedly  in  a  pvaa  molecule,  so 
that  di-basic  or  tri-basic  acids,  di-hydric  or  tri-hydric  alcohola  (see  Glycerine),  or 
Bubetancee  which  contain  both  OH  and  —  COOH  in  the  same  molecule  (like 
lactic  acid  and  tartaric  acid],  are  formed.  Other  groups  which  may  be  introduced 
or  removed  are  —  NH,,  —  NC^,  —  CN,  etc.,  each  of  which  confers  upon  a  aub- 
Btance  the  propertied  which  go  with  the  group,  irrcepeetive  of  the  othw  featutee 
which  the  atnicture  of  the  aubataace  may  already  present. 

Oxalic  Add  BtdOt.  —  This  acid  is  dibmc,  and  comdstd  of  two 
carboxyl  groups.  Its  calcium  salt  is  ttie  least  soluble  of  the  sfJts  of 
caldum,  and  is  found  in  many  plants  in  the  form  of  bundles  of  needle- 
shaped  crystals.  Potassium-hydrogen  oxalate  KHCjOt  is  found  in 
the  juices  of  various  species  of  oxalis.  The  acid  may  be  made  by 
oxidation  of  sugar  with  nitric  acid.  The  white  crystals  used  in  the 
laboratory  are  the  hydrate  HiCs04,2HiO.  When  heated  carefully  it 
sublimes  unchanged.  Stronger  heating  decomposes  it  into  carbon 
dioxide  and  formic  add,  and  the  latter  breaks  up,  in  part,  into  water 
and  carbon  monoxide.  In  the  presence  of  dehydrating  agents  like 
sulphuric  acid,  water  and  the  two  oxides  of  carbon  alone  are  formed 
(p.  577). 

Alcohols,  Esters,  Fats,  Soap,  and  ETHEbs 

AlcohoU.  —  We  have  already  seen  that  when  wood  is  distilled, 
motbrl  aloobol  is  found  in  the  fiuid  product.    When  purified  ttiis  is  a 


H 


colorless  liquid  boiling  at  66°.    Its  solution  in 


water  shows   no  evidence  of  iomzation.    The 

IT  _  p  __  fj  __  p    formula  (CHtOH)  makes  it  impossible  to  repre- 

I  sent  the  structure  of    the  substance  in  more 

■a  than  one  way.    All  alcohols  contdn  the  group 

-  C  -  O  -  H  {^.  p.  616). 

Common  alcohol,  •tbyl  aloobol  CiHkOH  (p.  607),  is  a  member  of 

the  MTlM  C.H{n+iOH.    There  are  also  many  alcohols  with  more  than 

one  OH  group  in  each  molecule.    Of  these,  the  one  we  shall  presently 

encounter  is  Bayeuliu  C9Ht(0H)g.    The  sugars  and  cellulose  are 

aloohols  with  several  hydroxyl  radicals. 
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Eaten.  —  Wh^i  an  organic  acid  and  an  alcohol  are  mixed,  a 
very  slow  ctiemical  action  takes  place,  which,  beit^  reveisible,  in  no 
case  reaches  completion.  With  the  simplest  members  of  these  groups, 
formic  acid  and  methyl  alcohol,  for  example,  the  change  is: 

HCOOH  +  HOCH,  ^  HCOOCH,  +  H,0. 

The  product  is  known  as  nutbrl  (omuto.  This  action  has  the 
appearance  of  a  neutralization  (p.  3S9),  but  is  different  in  several 
ways.  Alcohol  is  not  a  base,  and  in  aqueous  solution  it  does  not 
conduct  electricity.  Then,  true  neutralization  takes  place  insiastly, 
while  the  foregoing  action,  and  all  like  it,  proceed  very  slowly.  Thus, 
although  acetic  acid  is  a  true  acid,  it  is  not  here  interacting  with  a 
base. 

The  corresponding  action  betiyeen  acetic  acid  and  eth}d  alcohol: 
CliCOOH  +  HOCsH.  i=i  CH,COOCH.  +  H,0,  results  in  the  format 
tion  of  Athyl  acatats.  In  this  caae,  when  equivalent  quantities  of  . 
the  initial  substances  have  been  used  without  any  solvent,  and  a 
condition  of  equilibrium  has  been  reached,  two-thirds  of  the  material 
is  found  to  have  been  transformed  into  ethyl  acetate  and  water. 
If  we  start  with  the  latter  materials  in  pure  form,  the  same  equilibrium 
point  is  reached,  and  one-third  of  the  material  is  converted  into 
acetic  acid  and  alcohol. 

The  products  are  navied  as  if  they  were  salts,  and  are  sometimes 
called  ethereal  salts,  because  they  result  from  the  displacement  of 
^the  hydrogen  of  an  acid  by  a  radical.  This  designation,  however, 
is  not  very  happy,  since  the  products  are  not  ionized  and  possess 
none  of  the  properties  of  salts.  The  special  name  wtwi,  therefore, 
has  been  given  to  them.  The  action  is  always  extremely  slow  and 
never  complete,  but  it  may  be  hastened  and  carried  to  completion  by 
the  introduction  of  some  substance  capable  of  absorbing  the  water 
and  so  preventing  the  reversal.  Concentrated  sulphuric  acid,  for 
example,  or  anhydroiis  cupric  sulphate,  may  be  used. 

Inorganic  adds  alio  interact  with  alcohols  to  glTfl  Mtov  Thus, 
nltrogljc«riiio  (p.  528)  is  an  ester,  and  should  be  called  glyceryl  trini- 
trate. The  use  of  sulphuric  acid  to  assist  in  the  removal  of  the  water 
is  illustrated  in  the  preparation  of  this  substance.  Ouncottom 
(p.  528)  is  an  ester  of  nitric  acid  also,  for  cellulose  is  a  complex  alcohol, 
■tbyl-hjrdrofon  lulpbats  (p.  591)  is  an  ester  of  sulphuric  acid.  In 
this  case  the  action  may  be  made  complete  by  uang  sulphuric  acid 
containing  an  amount  of  sulphur  trioxide  sufficient  to  comt»ne  with 
the  water  to  be  produced. 
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With  the  aaaiatance  of  a  dehydratang  a$fiat,  mmilar  actions  take 
place  between  any  alcohol  and  any  acid  (organic  or  inorganic). 
For  escample: 

CJICOH),  +  3H(C0,CH,)  pi  CJIiCCOiCH,),  +  3HtO, 
g^oerine  acetic  add  glyceryl  aoetAte 

C»H»(OH)i  +  3H(CX)»Ci7H,»)  ^  Cyi»(C0»Ci7H»),  +  3HsO. 
glyoerine  stearic  acid  ^ccryl  stearate 

The  glyceryl  radical  CtH*'"  is  trivalent,  and  takes  the  place  of 
three  atoms  «rf  hydn^en. 

The  above  actions,  in  which  an  ester,  like  ethyl  acetate,  is  fonned, 
may  be  almost  completely  reversed  if  a  sufficient  amount  of  water  is 
added  ((^.  p.  617).  The  bydrolyns  of  the  ester  is  hastened  by  the 
presence  of  free  adds  in  the  wat«r.  This  is  owing  to  the  catalytic 
action  of  the  hydrogen  ions,  and  the  acceleration  is  proportional  to  the 
activity  of  the  add  used.  The  acid,  however,  although  it  hastens  the 
action,  does  not  carry  it  beyond  the  condition  of  equilibrium  which  it 
would  eventually  have  reached  with  the  same  amounts  of  the  esta 
and  of  water  alone. 

When  an  ester  is  boiled  with  a  strong  base,  such  as  sodium 
hydroxide  solution,  the  salt  of  the  add  and  an  alcohol  are  formed: 
CHjCOOCHs  +  NaOH  -♦  CH,COONa  +  HOCH.. 

With  more  complex  esters  the  sodium  salts  of  the  adds  thus  produced 
are  known  as  ho^m,  and  this  general  kind  of  actioo  is  called,  therefore, 
m>oi4fioatlon  (Lat.  aapo,  soap).  The  speed  with  which  it  proceeds 
may  be  used  as  a  means  of  measuring  the  activity  of  bases. 

Fats  and  Arumal  and  Vegetable  Oils,  —  The  fats  and  oils 
found  in  animal  tissue,  or  pressed  from  seeds  of  plants,  are  com- 
posed mainly  of  esters.  Beef  fat  is  a  mixture  of  about  three-fourths 
glyceryl  palmitate  (palmitin)  C»H»(COiCiiHji)j  and  glyceryl  atearate 
(stearin)  C»Hi(COjCitHw)i,  along  with  one-fourth  glyceryl  oleate 
(oldn)  CjBt(COiCiTHtt)i.  Lard  (hog  fat)  contains  a  much  larger 
proportion  of  the  last  (60  per  cent)  and  is  therefore  softer.  Butt«r 
contains  the  same  efiters,  along  with  some  water  and  some  glyceryl 
butyrate  (butjnin)  C»H«(COiCtHT)i.  Oliw  oil  contains  much  olein 
(75  per  cent).  Cottonaaed  oil  is  similar  in  composition,  and  is  used 
as  a  substitute  for  olive  oil,  or  for  butter  in  cooking. 

All  these  fata  and  oils  contain  certain  proportiona  of  the  free 
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organic  adds  (see  p.  625).  These  oils  must  not  be  confused  with 
mineral  oils,  which  are  mixtures  of  hydrocarbons. 

Aa  regards  phyileal  im>pMtlM,  these  oils  are  all  insoluble  in  water, 
trad  the  heavier  ones  also  in  cold  alcohol.  They  dissolve  readily, 
however,  in  ether,  benzine,  carbon  disulphide,  and  carbon  tetra- 
chloride. Hence,  benzine  is  used  in  dry-cleaning  clothing  made 
of  silk  or  wool.  The  two  last  solvents  are  used  in  extracting  vege- 
table oils. 

ChemicfU  Propertiea  v$  FaU  and  Oils.  —  All  fats  and  oils 
when  boiled  with  water,  and  more  rapidly  when  heated  (200°)  with 
water  in  a  closed  vessel,  are  decomposed.  The  ester  is  hydrolyzed, 
and  the  actions  in  the  four  equations  last  pvea  (pp.  617,  618)  are 
leversed.     Thus,  with  stearin; 

C|H,(CO,C,tH«),  +  3H»0  -•  C,H»(OH)»  -|-  3HCO,Ci7H,5, 
stearin  Elycerine  stearic  add 

and  when  the  mixture  is  cooled,  the  acid,  being  insoluble  in  water^ 
forms  a  solid  cake,  while  the  glycerine  is  in  solution  in  the  water. 
If  a  mixture  like  beef  fat  is  heated  with  water  in  this  way,  a  mix- 
ture of  palmitic,  stearic,  and  oleic  acids  is  obtained.  The  oleic 
acid  (liquid)  b  pressed  out,  and  the  residue  is  mixed  with  paraffin 
to  make  candles.  The  glycerine  is  separated  from  the  water  and 
used  in  making  nltro^ycerine  ^yceryl  nitrate,  an  ester)  and  in 
medidne. 

When  fat  is  mixed  with  hot  sodium  hydroxide  solution,  it  first 
forms  an  emulsion,  in  which  the  fat  is  disseminated  in  minute  droplets 
through  the  liquid.  This  is  a  result  of  surface  tension.  When 
the  emulsion  is  boiled,  the  fat  is  slowly  decomposed  into  sodium 
palmitate,  stearate,  andoleate,  and  glycerine.  The  change  is  precisely 
similar  in  plan  to  the  action  on  ethyl  acetate  (p.  618). 

C,7H»C00-C=Hi  HOCH, 

I  I 

C,7H»C00-C-H  -I-  3NaOH-*3Cr,H«COONa  +  HOCH 

I  I 

Ci7HmC00-C=H,  HOCH, 

iit«ftrm  sodium  stearate       glycerine 

When  common  salt  is  added  to  the  solution  ("saltii^  out"),  the 
Bodiiun  salts  of  the  three  acids  (the  soap)  are  coagulated  and  separated 
as  a  floating  layer,  which  solidifies  when  cold.  The  glycerine  is 
cont^ed  in  the  salt  solution. 
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\ntb  potassium  hydroxide,  the  potasdum  salts  are  obtained, 
and  coDBtitute  »oft  soap. 

The  soaps  are  purified  by  redissolving  in  water  and  again  salting 
out.  Dyes  and  perfumes  are  often  added.  Floating  varieties  are 
made  by  beating  the  soap  before  it  solidifies,  and  so  introducing 
bubbles  of  air.  Fine  sand  or  pumice  is  added  to  make  scouring 
soaps.     Mixing  with  glycerine  or  sugar  gives  transparent  soap. 

Chemical  Propertiea  qf  Soapa.  —  Since  the  soaps  are  soluble 
salts  of  sodium,  they  are  largely  ionized  in  solution  and  interact 
'  with  acids  by  double  decomposition: 

NaCCOjCnHM)  +  HCl  —  NaCl  +  .H{CO,Ci,H»)  i . 

The  adds  are  predpitated.  They  also  enter  into  double  decompod- 
tion  with  other  salts.  Thus,  hard  waters,  containing  compounds  of 
catdum  and  magnesium  in  solution,  give  predpitates  of  the  corre- 
sponding salts.     For  example: 

2Na(CO,Ci,HM)  +  CaSO«->Na^04  +  Ca(CO,CiTH»),i. 

Hence,  with  hard  water,  much  soap  is  wasted  in  predpitaUng  the 
"  hardness. " 

These  adds,  not  bdng  soluble  in  water,  have  no  effect  upon 
litmus;  but  the  fact  that  they  are  acids  may  be  recognized  when  it  is 
found  that  they  are  converted  into  soluble  salts  by  soluble  bases: 

CHrCOOHT  +  NaOH  f±  H^O  +  CiTH»COONa. 

Drying  Oils.  — The  oils,  commonly  used  as  "dryers"  for  mixing 
with  varnish  and  paint  and  in  making  linoleum,  such  as  linseed  oil, 
hemp  oil,  poppy  oil,  and  nut  oil,  contain  esters  of  adds  with  unsatu- 
rated radicaU.  One  of  the  constituents,  for  example,  is  the  glyceryl 
ester  of  linoleic  add.  The  formula  of  this  acid  is  Ci7H»iCOOH.  It 
contains  four  hydrogen  atoms  less  than  the  corresponding  saturated 
add  (stearic  acid).  These  oils,  especially  after  having  been  recently 
heated,  alone  or  with  catalytic  agents  like  lead  oxide  and  manganese 
dioxide,  absorb  oxygen  rapidly  from  the  air,  and  become  solid. 
They  do  not  dry,  in  the  ordinary  sense,  by  evaporation. 

Ether.  —  When  two  molecules  of  an  alcohol  lose  one  molecule 
<^  water,  an  ether  is  produced: 

2CH.0H  -» (CH,)iO  -I-  HiO. 
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Thus,  methyl  alcohol  gives  nutbrl  ether,  and  ethyl  alcohol,  etb^I  or 
common  ether.  The  action  is  most  easily  carried  out  by  two  steps. 
In  TTiftking  common  ether,  ethyl  alcohol  acts  upon  sulphuric  acid, 
^ving  ethyl-hydrogen  sulphate  (p.  591  ) ;  and  the  latter,  when 
wanned  gently  with  excess  of  alcohol,  ^ves  ethyl  ether: 

CHJISO*  +  CtHjOH  —  {Cai»)*0 1  +  H^O.. 

The  ether  escapes  as  vapor  and  is  condensed. 

Ethyl  ether  is  a  volatile  liquid  boiling  at  35.6".  It  is  largely  used 
as  a  solvent  for  iodine,  fats,  and  other  substancea  not  readily  soluble 
in  water,  and  as  an  anssthetic. 

CoLujiDAL  Suspension.    Cleansing  Power  of  Soap 

Colloidal  Suspension,  —  To  explain  the  cleansing  power  of 
BOap,  it  is  necessary  to  leani  more  about  colloids,  for  soap  in  salu< 
tion  is  essentially  colloidal. 

The  simplest  colloidal  suspensions  are  those  of  metals  Uke  gold 
and  platinum.  They  can  be  made  by  formir^  an  electric  arc  be- 
tween the  points  of  two  wires,  while  the  points  are  immersed  in 
water.  Liquids  of  various  colors,  depending  on  the  degree  of 
dlspersloii  (fineness  of  the  particles)  of  the  metal,  are  thus  formed. 
Such  a  liquid,  (1)  leaves  no  deposit  on  filter  paper,  (2)  shows  no 
elevation  in  the  boiling-point  of  the  solvent  and,  (3)  no  depression 
in  the  freezing-point.  (4)  The  suspended  body  has  little  or  no 
tendency  to  diffuse  into  a  layer  of  the  pure  solvent.  In  conse- 
quence, if  the  colloidal  solution  is  placed  in  a  diEFusion-shell,  which 
is  a  test-tube  shaped  tulje  of  filter-paper  or  parchment,  immersed 
in  water,  none  of  the  colloid  escapes  through  the  pores  of  the  shell. 
Ordinary  solutes  escape  more  or  less  quickly,  according  to  their 
molecular  weight.  Hence,  a  diffusion  shell  can  be  used  to  separate 
a  mixture  of  colloidal  and  non-colloidal  material.  Thus,  salt,  if 
present  with  colloidal  starch,  or  sugar  if  present  with  colloidal  gold, 
can  be  removed  by  changing  the  water  round  the  shell  until  no  more 
salt  (or  sugar)  is  found  to  come  out.  This  process  is  called  dlaljnU, 
and  was  devised  by  Graham. 

(5)  The  most  striking  property  of  colloids  is  shown  by  the 
ultramlcnMoope.  In  a  perfectly  darkened  room,  a  converging 
beam  of  strong  light  is  sent  horizontally  throuRh  the  liquid  {Fig.  139) 
and  the  place  where  the  light  is  focussed  is  viewed  from  above, 
throush  a  microscope.     Under  such  circumstances,  a  true  solution 
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remainfi  perfectly  dark,  but  a  colloidal  suspendoa  shows  minute  pcmits 

of  light,  first  studied  by  Tyndall.     Colloidal  gold,  solutions  of  soap, 

starch,  gelatine,  and  dyes,  and  many  other  liquids 

exhibit  the  phenomenon.    The  points  of  light,  due 

to  particles  which,  although  minute,  contain  many 

molecules,  show  also  a  trembling  or  vibrating 

movement,  first  noticed  by  a  botanist  Brown 

(1827)  and  called  the  Brownian  Marwaunt.     The 

motion  is  due  to  collisions  of  the  moving  mole- 

9ia.  139.  cules  of  the  solvent  with  the  suspended  particles 

of  the  colloid  and,  when  the  suspension  is  very 

fine  (highly  "disperse"),  the  particles  shoot  about  rapidly. 

Other  properties  of  colloidal  suepeustons  are  discussed  below. 

Theory  <if  Colloidal  Suspension  and  Coaguiation.  —  When 
wires  from  a  battery  are  immersed  in  the  liquid,  the  particles  of  a 
colloid  are  found  to  move  slowly  either  with  or  against  the  podtive 
current.  The  phenomenon  is  called  olvebvphorosis.  Apparently, 
the  colloidal  particles  are  ^gregates  of  molecules  of  an  insoluble 
substance,  collected  round  one  or  more  ions.  The  particles,  although 
relatively  large,  move  almost  as  rapidly  as  in  ionic  migration  (p.  345). 
This  affords  an  explanation  of  the  fact  that  the  particles  remain 
suspended,  and  do  not  settle.  They  are  individually  so  small  that 
they  are  kept  in  motion  by  collisions  with  the  molecules  of  the  solvent. 
If  they  could  unite  into  lai^e  aggr^ates  —  like  the  particles  trf  a 
precipitate  —  they  would  separate  like  any  ordinary,  insoluble 
substance.  But,  havii^  like  electrical  charges,  they  repel  one 
another,  and  so  remcun  separate  and  in  suspen^on. 

Now  those  colloids  which  have  distinct  electrical  charges  can 
be  ooaffUUtvd  or  flocculated,  and  so  precipitated  in  the  liquid,  by 
adding  a  solution  of  an  ionized  substance.  Thus,  colloidal  gold 
and  other  metals  are  negative,  and  an  equivalent  amount  of  a  posi~ 
tive  ion,  usually  H+,  is  present  also.  When  a  salt  is  added,  the 
positive  ion  of  the  salt  attaches  itself  to  the  negative  colloidal  me- 
tallic particles,  neutral  bodies  result,  coagulation  can  now  occur, 
and  precipitation  follows.  Bivalent  ions  are  more  effective  than 
univalent  ones  (see  Arsenic  trisulphide).  Ck>nversely,  a  podtive 
colloid,  like  ferric  hydroxide,  is  coagulate  by  the  negative  ion  of 
a  salt,  and  more  ea^ly  the  higher  the  valence  of  the  n^ative  ion. 
Furthermore,  one  colloid  will  coagulate  another  of  opposite  charge. 
Thus,  metaphosphoric  acid  is  a  negative  colloid  when  in  solution. 
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while  ortbo-  and  pyrophoBphoric  aoid  are  not  colloidal.  Altnunin 
Ib  usually  a  podtive  colloid.  Hence  (p.  560),  metaphoBphoric  add 
and  albumin  coagulate  and  precipitate  one  another,  while  the  other 
two  adds  have  no  action  on  albumin. 

Starch  and  gelatine  are  neutral  colloida,  and  are  not  eadly 
coagulated. 

Soap  Solution  Colloidals  Salting  Out.  — Soap  solution,  un- 
der the  ultramicroBOope,  is  seen  to  contain  suspended  particles. 
A  test  with  litmus  also  shows  that  the  soap  is  partly  hydrolysed: 

Na(COjR)  +  H,0  7^  H(CO,R)  +  NaOH. 

Being  a  salt  c^  a  little  ionised  add,  the  negative  ion  of  the  soap 
tends  to  combine  with  the  H+  of  the  water:  H"*-  +  (COjR)"  t^ 
H(COiR),  leaving  the  ions  of  sodium  hydroxide.  Now  the  add 
thus  set  free  combines  with  the  undiesociated  molecules  of  the  salt 
to  form  an  add  aalt  NaH(COtK)i.  This  add  salt  is  iosoluble,  but 
remans  in  colloidal  suapendon  as  a  n^ative  cdloid.  When  a 
strong  solution  of  common  salt  (or  even  excess  of  sodium  hydrox- 
ide) is  added,  the  podtive  ion  Na'*'  is  adsorbed  by  the  n^ative 
colloid  (the  add  salt)  and  the  latter  is  cot^ulated.  In  coming  out 
as  a  predi»tate,  it  seems  also  to  adsorb  most  of  the  sodium  hydrox- 
ide, so  that  the  {Hedpitate  has  the  compodtion  of  soap. 

It  should  be  noted  that  salt  solution,  or  even  sodium  hydroxide 
solution,  will  coagulate  (salt  out)  the  soap  from  a  0.5  per  cent  solution, 
as  well  as  from  a  20  per  cent  or  a  stronger  solution.  This  is,  there- 
fore,  not  a  case  of  predpitation  by  adding  excess  of  one  ion,  for  that 
occurs  only  in  saturated  solutions  (see  Chap.  XXXIV). 

TKe  Ckatuing  Power  qf  Soap.  EmuUiona.  —  As  a  cleanser, 
soap  solution — or  suspension,  as  we  should  now  call  it  —  has  two 
properties.  It  removes  oil  and  grease  (insoluble  liquids)  by  forming 
an  emulsion  with  them.  It  also  removes  minute  solid  particles  of 
dirt,  by  taking  the  dirt  into  suspension  (next  section). 

When  an  oil,  such  as  kerosene,  is  violently  shaken  with  water, 
both  liquids  are  broken  into  minute  droplets,  and  an  opaque  mix- 
ture results.  The  droplets  of  each  liquid,  however,  quickly  join 
t^^ther  and  soon  the  mass  clears  up  and  shows  the  two  liquids  in 
separate  layers.  If,  however,  a  colloidal  suspension  is  used,  instead 
of  pure  water,  the  droplets  unite  much  more  slowly,  if  at  all,  and  a 
more  or  less  permanent,  opaque,  rather  viscous  mass  results.    Such 
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a  mixture  of  two  mutually  insoluble  liquids  is  called  an  t 
ThuB,  a  few  drops  of  soap  solution  will  cause  the  kerosene  and  water 
to  remain  much  longer  in  the  condition  of  an  emuMon.  Similarly, 
vinegar  and  olive  oil,  when  vigorously  beaten  (French  dreamng) 
separate  rather  quickly  into  two  layers.  But  if  the  yolk  of  an  egg 
(colloidal)  is  added  to  the  vinegar,  a  stiff,  almost  solid  mass  can  be 
made  (Mayonnaise  dressing),  which  will  remain  permanently  emulsi- 
fied. In  r^noving  grease,  therdore,  rubbing  with  soap  solution 
turns  the  grease  into  suspended  droplets  (emulsifies  it),  and  so  ^e 
grease  can  be  washed  away. 

This  behavior  of  a  colloid  can  be  o^tUlned.  When  the  kerosene 
and  water  are  divided  into  droplets,  with  a  great  increase  in  tbe 
total  surface,  and  in  the  surface  energy  of  both,  the  surface  tenmon 
of  water,  which  is  great,  favors  the  reunion  of  the  drope,  with 
diminishing  surface,  and  dissipation  of  the  surface  eaei^.  Now, 
while  ordinary,  dilute  solutions  have  a  surface  tendon  close  to  that 
of  water,  colloidal  solutions  (such  as  0.5  per  cent  soap  solution) 
have  a  very  low  surface  tension.  Hence,  the  tend^icy  to  diminish 
tbe  surface  of  droplets  of  soap  solution,  by  coalescence,  is  slight 
and  ineffective.  Furthermore,  as  predicted  by  \raiajd  Gibbs 
of  Yale  University,  and  proved  by  expeiiment,  a  oollmd  has  the 
peculiarity  that  it  tends  to  reach  a  higher  concentration  in  the 
surface  layer  than  it  has  elsewhere  in  the  liquid.  When  the  c(dIoid 
has  adjusted  itself  to  a  state  of  equilibrium,  in  this  regard,  it  resists 
a  decrease  in  the  surface  (which  would  increase  its  concentration 
beyond  the  equilibrium  value),  just  as  much  as  it  resists  an  increase, 
whi(^  would  diminish  its  concentration.  The  emulMon  of  a  colloidal 
suspension  with  an  imnuscible  liquid  is  thus  a  stable  condition. 

Experiments  confirming  this  view  are  easily  made.  If  a  solu- 
tion of  a  dye  like  methyl  violet  (colloid)  be  shaken  violently,  and 
the  froth  (large  surface  in  proportion  to  quantity  of  liquid)  be  sepa- 
rated, it  is  found  that  the  liquid  produced  by  the  subsidence  of  the 
froth  (an  emul^on  with  air  is  not  pennanent),  is  darker  in  shade, 
and  contains  more  dye,  than  an  equal  amount  of  the  original  Uquid. 
Soap  solution,  aft«r  being  shaken  likewise,  contains  relatively  more 
soap  in  tbe  froth  than  in  the  liquid. 

Adsorption  of  CoUoidai  Matter.  —  As  we  have  seoi  (p.  611), 
when  liquids  containing  colloidal  substances,  such  as  dyes  and 
natural  orgEinic  coloring  matters,  are  shaken  with  pulverized  charcoal, 
the  colloid  is  adsorbMl  by  the  charcoal  —  that  is,  it  adheres  to  the 
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Burface  of  the  particles  of  the  charcoal.  This  principle  isused  in 
decolorizing  sugar  (p.  606)  and  in  "bleaching"  oils.  Now,  aoap  is 
also  removed  from  solution  (suspension)  by  shaking  with  charcoal  or 
with  infusorial  earth,  in  the  same  fashion. 

Pulverised  charcoal  is,  relatively,  a  coarse  powder.  .  If  soot, 
which  is  very  finely  divided  carbon,  be  freed  from  oil  or  grease  by 
washii^  with  ether,  it  gives  a  loose,  non-caking  powder.  If  this 
powder  be  shaken  with  water,  it  settles.  If  it  be  shaken  with  dilute 
soap  solution,  it  remans  in  suspenson,  and  the  liquid  resembles 
ink.  The  particles  are  so  fine  that,  instead  of  carrying  down  the 
colloidal  aoap,  and  forming  a  precipitate,  as  charcoal  does,  they 
attach  th^nselves  to  the  colloidal  soap,  and  remain  suspended. 
This  is  therefore  adsorption,  with  the  difference  from  the  ordinary 
phenomenon,  that  the  colloid  carries  off  the  adsorbant,  instead  of  the 
adaorbant  carrying  down  the  colloid.  Now  dirt  is  composed  largely 
of  soot,  and  equally  fine  particles  of  other  substAnces.  Bence,  the 
soap  first  emulMfies  the  oil  on  the  bands  (or  on  soiled  linen)  and 
then  adsorbs  the  particles  of  dirt  which  are  thus  set  free. 

Formerly,  soap  solution  was  supposed  to  remove  grease  (and 
Boot?)  because  of  its  slight  alkaline  reaction,  due  to  hydrolysis. 
This  explanation  must  be  given  up,  because:  (1)  an  alkali  so  dilute 
that  it  exists  in  equilibrium  with  the  free  fatty  acid,  can  not  posmbly 
saponify  the  eater  contained  in  a  grease  spot.  (2)  Pure  alkali  of 
the  same  concentration  (or  stronger)  has  no  more  emulsifying  power 
than  has  water.  Such  an  alkaline  solution  will  indeed  emulsify  an 
animal  or  v^etable  oil  (cod-liver  oil,  cottonseed  oil,  castor  oil),  but  it 
does  BO  by  interacting  with  the  free  fatty  acid  always  present  in 
such  oil  (p.  618)  and  forming  ther^rom  a  soap.  Such  an  alkaline 
solution  does  not  emulafy  kerosene,  and  does  not  emulsify  natural 
oils  from  which  the  free  fatty  acids  have  been  removed  with  sodium 
hydroxide  solution,  although  soap  solution  does.  The  emulsifying 
agency  in  this  case  is  a  soap.  (3)  Very  dilute  alkali  has  no  more 
effect  upon  soot  than  has  water,  —  but  soap  solution  takes  clean 
(greaseless)  soot  instantly  into  permenent  suspenfdon.  (4)  An 
aqueous  solution  of  saponin  CnHmOis,  obtainable  from  several 
plants,  although  it  contains  no  alkali,  lathers,  emuMfies,  and  adsorbs 
dirt,  just  OS  does  soap.    It  is  a  colloid. 

Ctanoobn 
Cyanogen    C^f  —  This    compound,    bdng    endothermal,    is 
formed  in  small  amount  when  a  discharge  of  electricity  takes  place 
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between  carbon  poles  in  an  atmosphere  of  nltn^^  {tf.  p.  592). 
Cyanogen,  as  an  endotbermal  eubetance,  is  more  easily  made  aa  one 
product  in  an  action  which  as  a  whole  is  exothermal  (p.  312).  It 
is  prepared  by  aJlowing  a  solution  of  cupric  sulphate  to  trickle  into  a 
warm  solution  of  potaamum  cyanide.  The  cupric  cyanide,  at  first 
precii»tated,  quiddy  decomposes,  ^ving  cuprous  cyanide  and 
i^anogen; 

2KNC  +  CuSO.  -» Cu(NC)i  i  +  KSO4, 
2Cu(NC).  -» 2CuNC  +  CJ«,t- 

Cyanogen  is  a  very  poisonous  gas  with  a  characteristic,  funt  odor. 

Hydrocyanic  Add  HNC.  —  This  add,  called  lUso  pruMie  add, 
has  the  formula  HN  =  C,  and  is  most  eaoly  made  by  the  actitm  of  an 
acid  upon  a  cyanide  (see  Potassium  cyanide),  followed  by  diBtillati<m. 
It  is  a  colorless  Uquid  boiling  at  26.5°.  It  has  an  odor  like  that  of 
bitter  almonds,  and  is  highly  poisonous.  In  aqueous  solution  it  is  an 
extremely  feeble  acid,  and  is  hardly  ionized  at  sS\..  In  consequence  of 
this,  potaeuum  cyanide  is  markedly  hydrolyzed  by  water,  and  its 
aqueous  solution  is  strongly  alkaline.  The  behavior  of  hydrof^wiic 
acid  shows  it  to  be  an  unsaturated  body,  a  fact  which  is  taken  accouot 
of  in  the  above  formula,  and  illustrated  in  the  two  following  para- 
graphs. 

CyanateB  and  Tluocyanatea.  —  When  potasraum  cyanide  is 
fused  and  stirred  with  an  easily  reducible  oxide,  like  lead  oxide 
PbO,  the  metal  (for  example,  the  lead)  collects  at  the  bottom  <rf 
the  iron  crucible  in  molten  form,  and  potmiuin  cyanato  KNCO  is 
produced: 

KNC  +  PbO  -+  KNCO  +  Pb. 


CTank  add  H— N  =  C=0  is  very  unstable. 
nat«  NHtCNO  is  chiefly  renuu^able  for  its  transformation  into  urea 
(p.  583). 

When  potasaimi  cyanide  in  aqueous  solution  is  btnled  with 
sulphur  or  with  a  polysulphide  (p.  421),  it  is  converted  into  potas- 
sium tbio^«iiat«  KNCS.  This  salt,  or  unmonlum  ttilocvaiuts 
NH4NCS,  is  used  in  testing  for  ferric-ion  on  account  of  the  deep-  ' 
red  color  of  ferric  thiocyanate  (cf.  p.  292).  The  ammonium  ealt 
undei^oes  at  170°  a  transformation  parallel  to  that  of  ammonium 
cyanate  (p.  583),  thlocarbamide  (sulpho-urea)  being  formed. 
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Fulmimc  add  H— 0— N-C  (p.  541)  is  an  iaamer  of  cyanic  add 
(eee  also  Calcium  cyanamide). 


FOODB 

Planta  and  animals  contain  substances  which  are  similar  in 
compoffltion,  such  as  sucrose  and  lactose  (p.  605),  starch  and  glycogen 
(C«Hic£)t).>  animal  fats  and  v^etable  oils  (both  esteis).  Albumins 
and  other  proteins  are  found  in  both.  They  differ,  however,  markedly 
in  the  aouroea  of  these  substances.  The  plant  uses  simple  materials, 
like  carbon  dioxide,  water,  and  potassium  nitrate.  The  animal  can 
make  do  use  of  these  substances  —  it  must  be  fed  on  oomi^ex  oom- 


Fooda.  —  Since  the  animal  is  oontinuoufdy  eliminating  carbon 
dioxide,  moisture,  compounds  of  nitrogen,  salts,  and  other  sub- 
stances, and  is  also  giving  oS  heat,  these  materials  must  be  replaced, 
and  fuel  must  be  furnished.  like  the  plant,  an  animal  can  absorb 
only  dissolved  material.  But  it  prepares  ite  own  solutions  in  a 
remarkable  laboratory,  the  digestive  tract.  The  production  of  suitable 
soluble  substances  is  called  digesHoti. 

The  following  table  shows  the  chief  components  of  tTiiTnal  food, 
and  the  proportions  in  which  they  are  present  in  the  chief  foods 
used  by  man: 


W.t«. 

ProCan 

Fut. 

.^^ 

Ari>. 

73,8 
82.6 
73.7 
87.0 
11.0 
27.4 

7.3 
11. e 
12.6 

4-8 
75-4 
78.3 
94.7 

22.1 
15. S 
14.8 
3.3 
1.0 
27.7 
16.1 
13.3 
22.5 
21.0 
3.1 
2.2 
1.2 

2.9 

0.4 
10,6 
4.0 
85.0 
36.8 
7.2 
1,5 
1,8 
54,9 
1,1 
0,1 
0,3 

'5.0' 

67.6 
72,7 
59.6 
17,3 
19.7 
18.4 
2,9 

Cod 

1.2 

Milk' 

Butter 

0.7 
3.0 

Oatmeftl 

1.9 
0.6 

SSff "' :::::::::::: 

Maite  (green  corn) 

PotBtOOB 

Lettuce 

3.6 
2.0 
0.7 
1.0 
0.9 

*  Ths  ■mulafled  tot  s«pinUa  dowly  u 
tht  akim  DiUk)  i*  CDigulitsd  by  nonet  and 
la  tbai  tolt  la  Iha  walac,  tloos  with  iDomuii 
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We  observe  that  the  common  animal  foods,  except  milk,  containing 
lactose  (p.  605),  cany  no  carbohydrates  (the  ox  liver  contains  about 
2  per  cent  of  glyc<%eit);  that  potatoes  and  com,  when  dried,  are 
nearly  all  starch;  that  lean  meat,  dry,  is  all  proton;  that  some 
seeds  (wheat  and  beans)  contain  Uttle  fat,  some  (oats)  much  more 
fat,  and  some  (almonds  and  nuta)  a  large  amount;  and  that  lettuce 
is  mainly  water,  with  useful  inorganic  salts  in  solution,  and  cellulose. 
The  prot«liu,  several  of  which  have  been  mentioned  (pp.  520, 
528,  547)  are  white,  amorphous  substances  containing,  besides 
carbon,  hydrc^en,  and  oxygen,  a  large  proportion  of  nitrogen  (16 
per  cent),  some  sulphur  (1  per  cent)  imd  frequently  iron  and  phos- 
phorus aa  well. 

DigeatioFt.  —  The  process  of  rendering  the  constituents  of  food 
soluble  is  like  fermentation  (p.  607)  —  it  is  performed  mainly  by 
enzymes.  !Eacb  class  of  components  is  handled  by  one  or  more 
enzymes.  Thus,  tbtrch  (in  bread  and  potatoes)  ie  partly  d^^ested 
during  mastication  by  ptyalin  (an  amylase,  p.  608)  in  the  saliva, 
and  partty  by  amylopsin  in  the  small  intestine.  The  resulting 
malt(»e  is  decomposed  into  glucose  by  another  enzyme,  and  passes 
into  the  blood,  where  it  is  oxidized,  fumisiiing  heat.  In  diabetes, 
much  of  the  glucose  escapes  oxidation,  and  is  eliminated.  Agtun, 
the  fate  are  hydrolyzed  into  the  acida  and  ^yceiine  by  lipases 
(fat>4plitting  enzymes)  in  the  bile,  and  the  acids  go  into  solution 
(probably  colloidal).  The  acids  and  glycerine  recombine  to  form 
fats  in  the  blood,  and  are  either  depodted  in  the  tissues  or  oxidized, 
finally,  the  protoliu  are  changed  in  a  umilar  way  into  peptones 
which  are  soluble  in  water,  and  in  this  fonn  are  able  to  pass  tbroi^ 
the  wall  of  the  intestine. 

fuel  Value  cf  Food.  —  Although  food  is  required  to  replace 
waste,  much  of  it  is  needed  to  furnish  energy,  by  its  oxidation,  so 
that  muscular  movements  may  be  mfdntaineid,  and  the  tempera- 
ture of  the  body  kept  up  to  its  normal  value  (37°  C).  Thus,  the 
fuel  Taluw  of  foods  are  important.  The  average  fuel  values,  ex- 
pressed in  large  calories  (1  Cal.  =  1000  cal.  as  previously  defined, 
p.  98),  per  gram,  are: 

Carbohydrates,  4  Cal.     Fats,  9  Cal.     Prolans,  4  Cal. 

The  fuel  values  per  pound  (453.6  g.)  are  453.6  times  greater. 

Healthy  life  cannot  be  maintMned  on  one  kind  of  food  —  a 
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mixed  diet  is  necessary.  In  general,  it  is  held  that  100  g.  of  pro- 
tons (ffyiag  400  Cal.)  per  day,  and  a  sufficient  amount  of  other 
foods  to  give  a  total  fuel  value  of  2200  Cal.  is  enough  for  a  person 
doing  DO  physical  labor.  When  physical  labor  is  involved,  larger 
values,  up  to  3800  cal.  per  day,  are  necessary.  The  data  in  the 
table  (p,  627)  will  enable  one  to  calculate  the  fuel  value  of  100  g. 
(or  of  1  lb.)  of  each  kind  of  food. 

Exercues.  —  1.  M^e  the  graphic  formulfe  of  methyl  acetate 
(p.  615),  ethyl  formate,  ethylene  bromide  (p.  691),  oxalic  acid 
(p.  616),  ethyl  ether  (p.  621). 

2.  Make  equations  for  the  hydrolysis  of  starch  to  maltose  (p.  608), 
the  saponification  of  olein  (p.  618). 

3. '  Prepare  a  Bummvy  of  the  various  statements  that  have  been 
made  in  the  text  about  catalyala  {e.g.,  pp.  97,  128,  217,  222,  413,  433, 
445,  516,  570,  606,  607,  618),  and  iUuatrate  fully. 

4.  Calculate  the  fuel  value  of  1  lb.  each  of  (a)  oatmeal,  (6) 
potatoes,  (c)  lettuce. 

5.  Calculate  the  wdghts,  both  in  pounds  and  in  grams,  of  100 
Cal.  portions  of,  (a)  e^s,  (6)  wheat  6our,  (c)  almonds,  (d)  lettuce. 

6.  At  current  market  prices,  what  would  be  the  cost  per  100  Cal. 
portion  of  beef,  cod,  butter,  and  wheat  flour,  respectively? 

7.  Why  are  there  no  colloidfd  suspensions  of  iron  or  zinc  in 
water? 
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SniCOIT  ADD  BOBON 

In  respect  to  chemical  raUtloni  there  is  a  close  resemblance 
betweea  silicon  and  carbon.  Siliqpn  ^ves  a  monoxide,  but  is  quadri- 
valent in  all  ite  other  compounds.  It  is  strictly  a  non-metallic 
element. 

Ot^mrrence.  —  Silicon,  unlike  carbon,  ie  not  found  in  the  free 
condition.  In  combination  it  is  the  most  plentiful  element  after 
oxygen,  and  constitutes  more  than  one-quarter  of  the  crust  of  the 
earth.  The  oxide  is  silica  or  sand  SiOs,  and  this  oxide  and  its  com- 
pounds are  components  of  many  rocks.  In  the  iooi^anic  world 
Bilicon  is  the  characteristic  element  to  almost  as  great  an  extent  as  is 
carbon  in  the  organic  realm. 

Preparation,.  —  When  finely  powdered  magnesium  and  sand  are 
mixed,  and  one  part  of  the  mass  is  heated,  a  violent  action  spreads 
raindly  through  the  whole; 

2Mg  -f-  SiOi  -» Si  -I-  2MgO. 
At  the  same  time,  and  especially  if  excess  of  the  metal  is  used,  some 
magnedum  ralicide  MgiSi  is  formed  also.    The  mixture  is  treated 
with  a  dilute  acid  which  decomposes  the  ma^ne^um  oxide  and  the 
mlicide,  and  leaves  the  lOlcon  (amorphous)  undissolved. 

When  amorphous  silicon  is  dissolved  in  molten  zinc,  the  mass, 
after  solidification,  is  found  to  contain  arvtalUna  illloon.  This  form 
may  be  made  in  one  operation,  by  heating  three  parts  of  potassdum 
fluosilicate  KiSiFt  with  one  part  of  sodium  and  four  parts  of  zinc  in  a 
closed  crucible.  The  sodium  displaces  the  silicon  and  combines 
with  the  fluorine,  while  the  zinc  acts  as  a  solvent  as  before.  The 
one  is  removed  by  the  action  of  a  dilute  acid,  the  mlicon  remaining 
unaffected. 

Silicon  and  fwroiUlcon  (an  alloy  of  iron  and  silicon)  are  now 
made  on  a  large  scale,  the  former  by  heatji^  sand  and  carbon,  the 
latter  by  beating  a  mixture  of  ferric  oxide  and  sand  with  carbon 
in  the  electric  furnace  (p.  569). 

680 
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Properties.  —  Amondunu  illloon  is  a  brown  powder.  It  unites 
with  fluorine  at  the  ordinary  temperature,  with  chlorine  at  430", 
with  bromine  at  500°,  with  oxygen  at  400°,  with  sulphur  at  600°,  with 
nitrogen  at  about  1000°,  and  with  carbon  and  boron  at  temperatures 
attainable  only  in  the  electric  furnace.  It  is  slowly  oxidised  by 
aqaa  regia  to  silicic  acid,  and  is  dissolved  by  a  mixture  of  hydro- 
fluoric acid  and  nitric  acid,  giving  silicon  tetrafluoride. 

Giyitalllzad  lUlsoit  consists  of  black  needles  belonipng  to  the 
r^pilar  system,  and  is  lees  active  than  the  other  variety.  It  oxidises 
superficially  at  400°,  and  the  di<»dde  formed  on  the  surface  hindeis 
■  further  ftction.  With  chlorine  and  fluorine  it  unites  eamly  when 
heated.  Gaseous  hydrogen  fluoride  interacts  violently  with  it  at  a 
high  temperature,  heat  and  light  are  ff.vea  out,  and  slicon  tetra- 
fluoride ajid  hydrogen  are  formed.  It  is  slowly  attacked  by  hydro- 
fluoric acid  mixed  with  nitric  acid,  but  not  by  any  others  of  the 


Sihcon  and  ferrosiUcon  act  readily  upon  a  cold  solution  (^  sodium 
hydroxide  (qf.  p.  122),  the  metaalicate  being  formed: 

Si  +  2NaOH  -I-  H,0  -♦  NajSiOi  -|-  2HjT. 

This  is  one  of  the  sources  of  hydrogen  for  filling  balloons  and  air- 
shipe.  A  layer  of  petroleum  on  the  surface  prevents  frothing, 
^drogsnlte  is  a  mixture  of  ferrosilicon  and  dry  sodium  hydroxide, 
to  which  water  is  added  drop  by  drop.  Three  kilograms  give  one 
cubic  meter  of  hydrc^en. 

Silicon  seems  to  be  more  active  than  carbon,  for,  when  it  is 
heated  with  fused  potassium  carbonate,  potassium  mlicate  is  formed 
and  carbon  is  liberated.  Both  kinds  of  silicon  differ  from  carbon  in 
being  fusible  at  a  very  high  temperature.  The  solidified  product 
is  crystallized  silicon. 

SiUcon  Hydride  SiHi.  —  Silicon  differs  from  carbon  in  giving 
two  well-defined  compounds  with  hydrogen,  SiH^  and  SitH«.  The 
former  is  liberated  as  a  gas  by  the  action  of  hydrochloric  add  upon 
magnesum  olicide ; 

M&Si  +  4HC1  -♦  2Mga,  +  SiH*  t- 

The  action  is  omilar  to  that  by  which  hydrogen  sulphide  is  made. 
Since  the  magneaum  silicide  always  contains  free  magnesium,  hydro- 
gen is  hberated  at  the  same  time.  By  leading  the  gases  throi^h  a 
tube  surrounded  by  liquid  air,  the  silicon  hydride  is  reduced  to  liQuid 
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'  form,  while  the  hydrogen  paaaes  on.  The  mixture  with  hydrogea 
is  BpoDtaneously  inflammable.  The  pure  ^s  becomes  bo  only  when 
ito  preaBure  is  reduced  ((^.  p.  550).  In  the  air,  however,  it  is  ea«ly 
inflammable,  by  contact  with  a  watm  body.  When  heated,  it  de- 
oompoees  into  its  constituents. 

SUtcon  Tetrachloride  SiCU- — This  compound  is  made  by 
direct  union  of  the  free  elements.  It  is  more  conveniently  pre- 
pared by  passing  chlorine  over  a  strongly  heated  mixture  of  ^UcoD 
ditndde  and  carbon.  The  gaseous  products  enter  a  condenser  in 
which  the  tetrachloride  assumes  the  hquid  form : 

■  2C1,  +  SiO,  +  2C -» SiCU  +  2C0. 
Chlorine  ia  unable  to  displace  oxygen  from  combination  with  silicon, 
and  has,  therefore,  when  alone,  no  effect  upon  sand.  In  the  above 
action,  therefore,  the  carbon  is  used  to  secure  the  oxygen  while  the 
chlorine  combines  with  the  silicon.  This  kind  of  interaction  is  in 
some  d^ree  different  from  any  which  we  have  hitherto  encountered. 
The  principle  underljring  it  was  formerly  used  for  making  many 
chlorides  {e.g.,  BCla,  AlCU,  CrCli)  from  oxides,  before  simple  ways  of 
obtaining  the  elements  in  the  free  condition  were  known. 

Silicon  tetrachloride  is  a  colorless  liquid  (b.-p.  59°)  which  fumes 
strongly  in  moist  air,  giving  siHcic  acid  SiCOH)^.  It  acts  violently 
upon  cold  water,  and  in  this  respect  differs  from  carbon  tetrachloride: 

SiCl*  +  4H,0  -^  4HC1  +  Si(0H)4i . 
The  silidc  add  ig.v.)  soon  appears  as  a  gelatinous  precipitate. 

When  mlioon  is  heated  in  a  stream  of  dry  hydrogen  chloride,  a 
mixture  of  dlicon  tetrachloride  and  lUico-olilorotorm  SiHCU  is  pro 
duced.    The  latter  is  a  volatile  liquid  boiling  at  34°. 

Silicon  Tetrajlitoride  SiF*.  —  When  strong  bydroBuoric  acid 
acts  upon  aand,  thix  gas  ia  liberated : 

SiO,  +  4HF  -» 2H,0  +  SiF4T. 
Since  the  water  interacts  with  the  tetraffuoride  (see  below),  the  latt«r 
is  usually  made  by  the  use  of  powdered  calcium  Buoride  and  excess 
of  sulphuric  acid.  In  this  way  the  hydrogen  ffuoride  is  generated  in 
contact  with  the  sand,  and  at  the  same  time  the  sulphuric  acid  takes 
poeseasiou  of  the  water.  Hydrofluoric  acid  act«  in  a  corresponding 
way  upon  all  silicates  (q.v.),  whether  these  are  minerals  or  are  arUficial 
idlicates  like  glass  {tf.  p.  283). 

-L  ,i,z<,i:,.,  Google 
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Silicon  tetrafiuoride  la  a  gas  which  becomes  solid,  without  liquefy- 
ii^  (qf.  p.  574),  when  cooled  to  — 102°.  It  fumes  atrongly  in  moist 
ait,  and  acts  vigorously  upon  water.  This  int^action  is  different 
from  that  of  the  tetracliloride,  because  the  excess  of  the  tetrafiuoride 
fonna  a  complex  compoimd  with  the  hydroSuoric  add: 

SiF.  +  4H,0  -y  Si(OH)*  (+  4HF)  (1) 

(4HF)  +  2SiF«->2H,SiF, (2) 

3SiF.  +  4H,0  ->  Si(0H)4  +  2H^iF, 

The  alicic  acid  is  precipitated  in  the  water,  and  may  be  separated  by 
filtration,  leaving  a  solution  of  hTdiofluosUlcio  acid. 

Hydrofluosilidc  Acid  H»SiF«.  —  This  acid  is  stable  only  in  soiu- 
tion.  When  the  water  is  partly  removed  by  evaporation,  silicon 
tetrafiuoride  is  given  off,  while  most  of  the  hydn^n  fiuoride  remains 
to  the  last.  Its  salts  are  decomposed  in  a  corresponding  way  when 
they  are  heated.  This  acid  is  used  in  analysis,  chiefiy  because  ita 
potassium  salt  is  one  of  the  few  salts  of  this  meted  which  are  relatively 
insoluble  in  water.  The  barium  salt  is  also  insoluble,  but  moat  of  the 
salts  of  the  heavy  metals  are  soluble. 

Silicon  Dioxide  SiOt-  —  This  substance  may  be  made  in  the 
form  of  a  white  powder  by  heating  pre«ipitated  silicic  add.  It  is 
found  in  muiy  different  forms  in  nature.  In  lai^e,  transparent,  six- 
mded  prisms,  with  pyramidal  ends  (Fig.  2),  it  is  known  as  quartx  or 
rock  CTjiUl.  When  colored  by  manganese  and  iron  it  is  called 
ainBtbTit,  when  by  organic  matter,  imoky  (tuartx.  A  special  arrange- 
ment of  the  structure  gives  cat'i  «]ra.  Amorphous  forms  of  the  same 
material,  often  colored  brown  or  red  with  ferric  oxide,  are  agate, 
jMp«r,  and  onrx,  the  last  much  used  in  making  cameos.  lafuaoilal 
or  diatomaceous  Mith  (Tr^>oU  powdor)  is  composed  of  the  tests  of 
minute  organisms,  and  is  used  in  scouring  materials  and  for  decolor- 
izing oils.  SponsM  are  also  made  of  silica  of  organic  ori^.  Slightly 
hydrated  forms  of  silica  are  the  opal  and  flint.  A  ciyatalline  variety 
belonging  to  the  hexagonal  system,  but  showing  entirely  different 
crystalline  forms,  occurs  occasionally  in  minute  crystale,  and  is  called 
tMjiaitt. 

Silica  is  found  in  the  hard  parts  of  straw,  of  some  spedes  of  horse- 
tail (equiaetwm),  and  of  bamboo.  In  the  form  of  whetstones  it  is  tisvd 
for  grinding.  The  clear  crystals  are  employed  in  nmlring  spectades 
and  optical  instruments,  and  are  more  transparent  to  ultra>violet 
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l^ht  than  is  glass.  Pure  sand  is  used  in  glass  manufacture  (^.v.)- 
Infusorial  earth,  on  account  of  the  tubular  form  of  numy  of  the 
minute  structures  of  which  it  is  composed,  can  absorb  three  times  its 
own  weight  of  nitn^ycenne,  and  is  therefore  employed  in  making 
dynamite.  Recently,  pieces  of  chemical  apparatus  have  been  manu- 
factured by  fusing  quartz  (m,-p.  1600")  in  the  o^-hydrogen  flame, 
or  the  electric  furnace.  The  material  does  not  crystallize  aa  cooling, 
and  is  amorphous,  like  glass.  Owing  to  the  low  coeffici^it  of  expan- 
don  of  siUca,  the  vessels  can  be  heated  to  a  red  heat  and  chilled  in 
cold  water,  without  risk  of  fracture. 

SiUcates,  Water  Glass.  —  Silicon  dioxide,  although  differing 
profoundly  from  carbon  dioxide  in  ibs  physical  nature,  nevertheless 
behaves  lUte  the  latter  chemically.  Thus,  when  boiled  with  aodiuiQ 
hydroxide  solution  it  forma  sodium  metasihcate  NaiSiOt  or  ortho- 
dJicate  Na4Si04. 

SiO,  +  2NaOH  -» Na,SiO,  +  H,0. 

The  salt  is  left  as  a  gelatinous  solid  ("soluble  glass")  when  the 
water  is  evaporated.  The  ^licates  of  potassium  and  sodium  may 
also  be  obtained  by  boiling  seind  with  the  carbonates  of  these  metals, 
or,  more  rapid^,  usually  as  metasilicates  (see  below),  by  fiising  the 
mixtiue: 

*  SiOi  +,  KifcOi  -*■  K^SiOj  +  CO,  T . 
Watsr  glau  or  soluble  glass,  being  a  salt  of  a  feeble  add  with  an 
active  base,  gives  an  aJkaline  solution  (pp.  399,  559).  When  man- 
ufactured for  commercial  use,  it  has  the  composition  Na«SitOs 
(Nai>SiOt,SiOj),  which  is  less  alkaline.  It  is  used  as  a  filler  in  cheap 
soaps,  for  fireproofing  and  waterproofing  timber  and  textiles,  and  for 
preserving  eggs. 

StUctc  ^cid  Bi^Oi.  —  When  acids  are  added  to  a  solution  of 
sodium  siUcate,  silicic  acid  is  set  free.  After  a  little  d^y  it  usually 
appears  as  a  gelatinous  precipitate.  When,  however,  the  silicate  is 
poured  into  strong  hydrochloric  acid,  no  pred^ntation  occurs.  The 
silicic  acid  remains  in  colloidBl  miipMulon: 

Na4Si04  +  4HC1  ->  4NaCl  +  Si(0H)4, 
Na^iO,  +  2HC1  +  H,0  -» 2NaCl  +  Si(OH)*. 

The  gelatinous  precipitate,  when  it  has  been  dried,  contains  a  smaller 
proportion  of  the  elements  of  water.    There  seem  to  be  no  definite 
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stages,  indicating  the  existenoe  of  vaiious  acids,  such  as  we  observe 
vith  phosphoric  acid.  We  should  expect  the  vapor  tension  of 
the  water  to  decrease  by  steps,  each  of  which  should  correspond  to 
some  acid  of  s  particular  degree  of  hydralnon  (q/*.  p. 560),  but,  probably 
because  it  is  amorphous  while  the  phosphoric  acids  are  ciystalline, 
nothing  of  the  sort  is  observed.  The  final  product  of  drying  is  the 
dioxide. 

Silicic  acid  is  a  very  feeble  acid.  For  this  leason  ralidc  acid  can 
be  completely  displaced  from  its  salts,  even  ^  so  weak  an  acid  as 
carbonic  add.  Since  the  water  in  some  geyser  re^ons  contains 
alkali  dlicates,  the  action  of  the  carbon  dioxide  in  the  air  causes 
depodtion  of  dlica  round  the  places  where  the  water  issues  from  the 
ground.  This  form  is  known  as  sllic*ou>  ilnter.  Striking  scenic 
effects,  6a  in  the  white  and  pink  terraces  of  New  Zealand,  are  som^ 
times  produced  by  this  method  of  deposition. 

The  Buspensiqn  of  colloidal  mlicic  acid  can  be  freed  from  the  add 
and  sodium  chloride  (see  equation,  above)  by  dialysis  (p.  621). 
It  is  a  podtive  or  a  negative  colloid,  according  to  the  mode  of  prep- 
aration, and  the  two  kin^  are  coagulated  by  addition  of  salte  having 
bivalent  n^;ative  and  positive  ions,  respectively. 

Mineral  SiUcatea.  —  While,  in  the  absence  of  definite  knowl- 
edge, silicic  add  is  presumed  to  be  the  ortho-acid  Si(0H)4,  and  no 
other  silidc  adds  have  be^i  made,  the  salts  are  most  easily  classified 
by  imftgining  them  to  be  derived  from  various  adds  representing 
different  degrees  of  hydration  of  the  dioxide,  or,  to  put  it  the  other 
way,  different  degrees  of  dehydration  of  the  ortho-add.  The  follow- 
ing equations  show  the  relation  of  the  ortho-add  to  some  of  the 
Bilidc  adds  whose  salts  are  most  commonly  found  amount  minends: 
H«SiO*-    H,0-*HaSiO,  (-    H,0,SiO,)     Metaailicic  add. 

2H^i04  -    H.0  -^  HAOt  (=  3H,0,2SiO,)  |  j^^.       . . 

SHiSiO*  -  4HtO  -*  3SWt  C  -  2H,O,3SiO0  Trisilidc  add. 

I^-  and  tridlicates  are  those  derived  from  adds  contfunii^  two  and 
tiiree  units  of  silidc  tmhydride,  respectively,  in  the  formula.  The 
valences  of  the  radicals  of  the  adds  are  shown  by  the  number  oi 
hydrogen  units  in  the  formule. 

The  compodtion  of  minerals  is  often  e]ccee<^ngly  complex.  This  is 
due  to  the  fact  that  amongst  them  mixed  salts  (p.  401)  are  very 
conmioD,  in  which  the  hydrogen  of  the  imaginary  acid  is  displaced  by 
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two  or  more  metals  in  such  a  way  that  the  total  quantity  of  the  metals 
ia  equivalent  to  the  hydrogen.  The  following  list  presents  in  tabular 
form  some  ^ploal  or  codudod  mlnarata,  arranged  according  to  the 
above  mentioned  claa^fication : 

OHTHOSIUCATEB   (H^SiO.)  MEfTABILICATBB   (HjSiOi) 

Zircon,     ZrSiO*  Wollastonite,         CaSiOi 

Garnet,    Ca^i{SiO0j  Beryl,  GUAl,(SiO|). 

Mica,       EH>Ali(Si04)i  Talc  (soapetone),  HiMg.(SiO,)< 

Kaolin,    H,Ali(SiO0i,HtO  Asbestos,  MgiCa(SO.)« 

DIBILICATS    (H^iiOj)  TRialllCATB    (EUSltOi) 

Serpentine,  MggSi,Or,2H,0  Orthoclase  (felspar),  KAISijOg 

It  will  be  seen  that  the  total  valence  of  the  metal  units  is  equal  to 
that  of  the  acid  radicals.  Thus,  in  beryl  there  are  six  equivalents  of 
glucinum  (beryllium)  and  six  of  aluminium,  taking  the  place  of  twelve 
units  of  hydrogen  in  (HjSiOg)*. 

0«m«ts  are  pulverized  in  maaganeee-steel  crushers  and  used  in 
making  sandpaper.  Mica,  which  is  obtfiined  in  large  sheets  from 
Farther  India,  is  used  in  makii^  lamp-chimneys,  for  windows  in 
stoves,  and  as  an  insulator  in  electrical  apparatus.  EaoUn,  or  olar, 
like  mica,  is  an  acid  orthomlicate.  It  is  formed  in  nature  as  the 
result  of  the  action  of  water  and  carbonic  add  upon  minerals  like 
felspar.  In  such  cases,  those  elements  which  can  form  carbonates 
like  potassium,  magnesium,  and  calcium,  are  usually  displaced  from 
combination  with  the  silicic  acid.  Aluminium,  however,  is  too 
feeble  a  base  to  form  a  carbonate,  and  is  thus  left  in  combination 
as  silicate.  A  clay  containing  lime  is  called  a  mail,  and  one  contfun- 
ing  sand,  a  loam. 

Some  of  these  minerals  frequently  occur  mixed  together  as  regular 
components  of  certain  igneous  rocks.  Thus,  ffnnlta  (p.  4)  is  a  more 
or  leas  coarse  mixture  of  quartz,  mica,  and  felspar.  Frequently 
the  oblong,  flesh-colored  or  white  crystals  of  the  last  are  loi^  and 
very  conspicuous  both  in  granite  and  in  porphjrj.  In  bault  the 
compOTients  are  usually  less  easily  viable  to  the  eye.  Lan  ia  the 
name  for  any  rock  recently  ejected  from  a  volcano.  PumlM-itone 
is  the  name  given  to  the  parts  of  the  lava  which  are  porous,  having 
acquired  this  texture  from  the  expansion  of  bubbles  of  gas  consequent 
upon  release  of  pressure.  Svidstone  19  composed  of  suid  cemented 
t<^etber  by  clay  or  by  caldum  carbonate,  and  colored  brown  or  yellow 
by  ferric  oxide. 

DiailizodbvGoOgle 
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The  high  melting-point  of  ^cs,  compared  with  carbon  dioxide, 
and  the  formation  of  these  complex  slicates,  indicate  that  the  oxide 
is  highly  associated  (SiOi)3> 

The  hydrated  silicates  are  decomposed  by  hydrochloric  add, 
but  the  others  are  not  affected  by  adds,  or  are  affected  with  extreme 
slowness.  Hence  special  means  have  to  be  taken  to  get  the  con- 
stituents of  such  minerals  into  soluble  form  for  the  purpose  of  analyds. 
Two  methods  are  in  use.  Sometimes  the  finely  powdered  mineral  is 
heated  in  a  platinum  dish  with  hydrofluoric  add  until  all  the  silicon 
has  passed  off  in  the  form  of  the  tetrafluoride.  Since  the  use  of  the 
fluorides  would  lead  to  difficulties  in  the  course  of  the  analysis,  the 
resulting  mixture  of  fluorides  of  the  metals  is  next  heated  stron^y 
with  concentrated  sulphuric  add,  and  the  mixture  of  sulphates  thus 
produced  is  treated  according  to  the  usual  routine.  In  other  cases  the 
finely  powdered  mineral  is  fused  at  a  bright  red  heat  with  a  mixture  of 
potassium  and  sodium  carbonates.  In  this  way  carbonates  of  the 
metals  are  formed,  along  with  potassium  and  sodium  silicate.  Treat- 
ment with  water  dissolves  the  latter,  and  leaves  the  carbonates  to  be 
handled  in  the  usual  way. 

Boron 

As  regards  dumleal  rsUtloiu,  boron,  bdng  a  uniformly  trivalent 
element,  is  a  member  of  the  aluminium  family.  Yet  it  is  a  pro- 
nounced non-metallic  element,  and  its  oxide  and  hydroxide  are 
almost  wholly  acidic;  aluminium  is  a  metal,  and  with  its  oxide  and 
hydroxide  ba^c  properties  predominate.  Boron  and  its  compounds 
really  resemble  carbon  and  silicon  taid  their  compounds  in  all  chemical 
properties,  ffiicepting  that  oi  valence. 

Occurrence,  —  like  dlieon,  boron  is  found  in  oxygen  com- 
pounds, namely,  in  boric  add  (q.v.)  and  its  salts.  Of  the  latter, 
sodium  tetraborate  NaiBjO?,  or  borax,  came  first  from  India  under 
the  name  of  tinoal.  It  constitutes  a'lai^  deposit  in  Borax  I^ke  in 
California.  Colemanite,  CasB»Oii,6HiO,  from  California,  and  other 
complex  borates,  furnish  a  la^  part  of  the  commerdal  supply  of 
compounds  of  boron. 

Preparation.  —  When  boric  oxide  is  heated  with  powdered  mag- 
nedum:  BjOj  +  3Mg  — ►  3MgO  +  2B,  amorphous  boron  can  be  sep- 
arated with  some  difficulty  from  the  borides  of  mf^nedum  in  the 
resulting  mixture.    When  excess  of  powdered  aluminium  is  used,  bard 
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crystals  of  boran,  containing  aluminium,  are  found  in  the  solidified 
metal.  They  may  be  separated  by  interaction  of  the  metal  with 
dilute  hydrochloric  acid. 

Propertiea.  —  Amorphous  boron  is  a  bkek  powder.  It  unites 
with  tht  same  elements  as  does  silicon  (p.  631),  but  with  somewhat 
greater  activity.  Like  carbon  (p.  425),  it  is  also  oxidized  by  hot,  con- 
centrated sulphuric  or  nitric  acid,  the  product  being  boric  acid.  The 
crystalline  variety  is  less  rapidly  attacked  in  each  case.  Both  kinds 
interact  with  fused  potasaum  hydroxide,  ^ving  a  borate: 

2B  +  6K0H  -» 2K,B0,  +  3H,. 

Hydrides  and  Halidea  of  Boron.  —  When  m^neeium  boride 
MgiBi  is  treated  with  hydrochloric  acid,  a  gas  containing  much  hydro- 
gen, and  two  hydrides  of  boron,  B4H10  and  BiH*,  is  (^ven  off. 

By  combined  action  of  carbon  and  chlorine  on  boric  oxide,  using 
the  principle  employed  in  preparing  silicon  tetrachloride  (p.  632),  the 
trichloilda  of  boron  BCU  may  be  made.  It  is  likewise  formed  by 
direct  union  of  the  free  elements.  It  is  also  made  easily  by  heating 
boric  acid  and  phosphorus  pentachloride,  the  action  being  an  example 
of  the  behavior  of  the  latter  towards  hydroxyl  compounds  {qf.  p.  656) : 

B(OH),  +  3PCU  -*  BCb  -I-  3P0CU  +  3HCL 

The  products  are  separated  by  fractional  distillation.  Boron  tri- 
chloride is  a  liquid  which  boils  at  18°,  fumes  strongly  in  moist  ^r, 
and  is  completely  hydrolyzed  by  water. 

Boron  trlfluoride  BF(  is  nmde  by  the  interaction  of  caldum 
fluoride  and  sulphuric  acid  with  boron  trioxide.  The  mode  of 
preparation  and  the  properties  of  the  substance  recall  Eolicon  tetra- 
Quoride  (p.  632).  It  interacts  with  water,  like  the  latter,  ^ving 
boric  acid  and  brdroflaoboric  add  HBF4: 

4BF,  +  3H,0  ^  B(OH),  +  3HBF|. 

The  boric  add,  not  being  very  soluble,  is  preci|ntated.  Hydro- 
fiuoboric  add  is  known  only  in  solution,  althoi^  many  of  its  salts 
are  stable. 

Boric  Acid  BtBOt,  —  Boric  add  (boradc  add)  is  somewhat 
volatile  with  steam  (t^.  p.  563),  and  is  found  in  Tuscany  in  jets  of 
water  vapor  (aoffioni)  which  issue  from  the  ground.    Water,  retained 
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in  small  baons  by  brickwork,  is  placed  over  the  openii^,  and  from 
this  water,  after  evaporation  by  the  help  of  the  ateam  of  the  Boffioni 
themselvee,  boric  acid  is  obtajned  in  crystalline  form.  As  boric  add 
is  a  very  feeble  acid,  and  withal  little  soluble,  it  may  be  made  by  mix- 
ing Bulphuric  acid  and  concentrated  borax  solution,  and  cooling: 

Na»B407  +  h^A  +  5H,0  i=f  N^O*  +  4H.B0,1. 

Boric  acid  crystallizes  from  water  in  thin  white  plates,  which  are 
soapy  Gike  graphite  and  talc)  to  the  touch.  Its  solubility  in  water  is 
4  parte  in  100  at  19°  and  34  in  100  at  100°.  "the  solution  scarcely 
affecte  litmus.  The  green  tint  it  confers  on  the  Bunsen  flame  is  used 
as  a  test.  At  100°  the  acid  slowly  loses  water,  leaving  metftborlo 
Mdd  HBOi,  and  at  140°  totraborlc  add  is  formed:  4HB0i  -  H|0 
—*  HtB40i.  Strong  heating  gives  the  triozlde  BiO|.  When  dissolved 
in  water,  these  dehydrated  compounds  revert  to  boric  add.  The 
solution  of  boric  add  in  water  is  used  as  an  antiseptic  in  medicine 
(half-saturated,  2  per  cent  solution)  and  sometimes  as  a  preservative 
for  milk  and  other  foods. 

Borates.  —  Borates  derived  from  orthoboric  add  are  practically 
imknown.  The  most  famiHar  salt  is  borax  or  lodlum  tstraborsts. 
The  decahydrate  NajBiOr.lOHsO,  which  crystallizes  from  water  at 
27°  in  large,  transparent  prisms,  and  the  pentahydrate  which  crystal- 
lizes at  66°,*  are  both  marketed.  They  are  made  by  crystallization  of 
native  borax.  In  Germany,  borax  is  prepared  from  Iwradte,  found 
at  Stassfurt,  by  decompodi^  a  solution  of  the  mineral  with  hydro- 
chloric add: 

MgCl,,2Mg^»0w  +  12HC1  +  18H,0  -» TMgCl,  +  16B(0H),. 

The  boric  add  is  redissolved  in  boiling  water,  and  sodium  carbon- 
ate is  added:  4B(0H),  +  Na^O,  -*  NaiB407  +  6HiO  +  COj.  In 
California  it  is  made  from  colemanite  by  interaction  with  sodium 


2Ca3<0ii  +  4Na^0t  +  H|0  -♦  4CaC04  +  SNa^Or  +  2NaOH. 

Since  boric  add  is  a  feeble  acid,  borax  is  hydrolyzed  by  water, 
and  the  solution  has  a  marked  alkaline  reaction  (qf.  p.  399).  In  a 
O.IJV  solution  (25°),  0.5  per  cent  is  hydrolyzed. 

*  For  explanation  ot  tho  relation  of  temperature  ot  crystalliution  to  degree  of 
hydration,  aw  under  Manganoue  sulphate. 
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When  heated  with  oxides  of  metals,  aodium  tetraborate  behaves 
like  sodium  metaphosphate  (c/.  p.  560),  and  is  used  in  the  form  of 
Iwadi  in  analysis.  If  it«  formula  be  written  2NaB0i,Bi0j,  it  will  be 
seen  that  a  considerable  excess  of  the  acid  anhydride  is  contained  in  it, 
and  that,  therefore,  a  mixed  metaborate  may  l>e  f onned  by  miion  with 
some  ba^c  oxide.  Thus,  with  a  trace  of  cupric  oxide,  the  bead  is 
tinged  with  green,  from  the  presence  of  a  compound  like  2Na£0t,- 
Cu(BO|)t.  Cobalt  compounds  ^ve  a  deep-blue  color  to  the  bead. 
For  the  same  reason,  borax  is  used  in  hard  soldering.  The  hard 
solder  (brass)  is  placed,  with  a  little  borax,  upon  the  joint  between  the 
objects  of  copper  or  brass  which  are  to  be  soldered.  At  the  tempera- 
ture produced  by  the  blast^lamp  the  borax  dissolves  the  superficial 
coating  of  oxides,  and  the  molten  solder  is  able  to  "wet"  the  clean 
surfaces.  In  welding  iron,  borax  is  scattered  on  the  parts,  and  com- 
bines with  the  oxide  to  form  a  fumble  mixed  borate,  which  is  forced 
out  by  the  pressure.  A  substance  used  thus,  to  bring  infusible  bodies 
into  a  fusible  form  of  combination,  is  called  a  Suz.  Borax  is  also 
mixed  with  glass  in  making  enamels  for  cooking  utensils. 

Bortm  THoxide,  —  The  oxide,  as  made  by  heating  boric  aod,  is 
a  glassy  white  solid.  It  is  obtained  also  by  burning  boron  in  oxygen. 
Being  almost  perfectly  involatile,  it  is  able,  when  heated  with  salts,  to 
displace  other  acid  anhydride  which  can  be  vaporized: 

K,S04  +  B,0»  7±  2KB0j  +  SOj  T . 

It  has  a  slight  tendency  to  act  as  a  baac  oxide.  With  fuming  sul- 
phuric acid  it  ^ves  a  boryl  pyrosulpbate  BO,HS»Oj  which  is  dec(Hn- 
posed  by  water,  and  with  phosphoric  acid  a  phoephate  BPO4  which  is 
stable. 

Nitride  and  Carbide.  —  One  of  the  difficulties  in  making  free 
boron  is  due  to  its  very  great  affinity  for  nitrc^en,  with  which,  when 
heated  in  the  tur,  it  unites  to  form  a  nitride  BN.  This  compound  is 
more  easily  made  by  heating  borax  with  ammonium  chloride: 

Na»B*07  +  4NH4CI  -» 4BN  -|-  2NaC!  -|-  7H,0  -|-  2Ha. 

The  nitride  ia  a  white  solid  which  is  earaly  detxnnpoBed  when  heated 
in  a  current  of  steam  (cf.  p.  514) :  BN  +  3HtO  -^  B(OH),  +  NH|. 
A  oartilds  of  tMron  BgC  ia  made  by  heating  the  free  substances  in 
the  electric  furnace.  It  is  harder  than  carborundum,  and  t 
next  to  the  diamond  in  respect  to  hardness. 
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ExercUea.  —  1.  Why  is  the  fact  that  carborundum  8iC  (p.  572) 
is  not  affected  by  water  or  acids  worthy  of  mentioD? 

2.  Compare  and  contrast  the  elements  carbon  and  alicon,  and 
th«ir  corresponding  compounds. 

3.  Formulate  (p.  382)  the  interaction  between  aqueous  solutiona 
of  an  ammonium  salt  and  of  sodium  ortbosilicate. 
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CHAPTER  XXXII 
TBI  BAfn-roBuraa  ■lehknts 

Thsbb  are  two  ways  in  which  the  chemistry  of  a  given  set  oS  €ie- 
ments  may  be  described.  We  may  take  up  the  elements  in  succes- 
sion, and  discuss  under  each  its  pbyacal  and  chemical  properties,  and 
the  manufacture  and  behavior  of  a  certain  number  of  its  compounds, 
such  as  the  oxide,  hydroxide,  nitrate,  and  sulphate.  Or  we  may 
arrai^  our  major  d^sification  according  to  the  properties  and  the 
forms  of  combination,  and  detail  the  facts  about  the  same  set  of 
elements  under  each.  Both  methods  have  such  advantages  that 
neither  can  be  sacrificed  entirely.  We  shall,  therefote,  adopt  the 
former  plan  for  our  division  into  chapters,  following  the  usage  already 
employed  for  the  non-metallic  elements.  In  the  present  chapter  a 
prdiminary  vi^w  of  the  chemistry  of  the  metals  will  be  given  according 
to  the  second  method. 

Physical  Properties  qf  the  Metals.  —  A  knowledge  of  the 
phyacal  properties  of  the  metals  is,  to  the  chemist,  of  the  greatest 
importance  in  connection  with  their  manufacture  and  treatment. 
The  following  hnei  statement  in  regard  to  some  of  these  properties  is 
iUustrative  rather  than  exhaustive.  It  should  be  noticed  that  the 
properties  of  a  metal  vary  according  as  the  spedmen  has  been  pre- 
pared by  rolling,  casting,  or  some  other  process.  Numerical  values, 
therefore,  when  pven,  are  only  approximate. 

Metals  show  what  is  commonly  called  a  mstalllc  loitar,  but,  as  a 
rule,  tbey  do  so  only  when  in  compact  form.  Magnesium  and  alumin- 
ium exhibit  it  when  powdered,  but,  in  this  condition  most  of  the 
metals  are  black.  In  compact  masses  the  metals  are  usually  silvery 
white  in  color.  Gold  and  copper,  which  are  yellow  and  red  respec- 
tively, are  the  consiricuous  exceptions. 

The  metals  can  all  be  obtained  in  cryitalllmd  form,  when  a  fused 
mass  is  allowed  to  cool  slowly  and  the  unsolidified  portion  is  poured 
off.  In  almost  all  cases  the  crystals  belong  to  the  regular  system. 
With  the  metals  most  neaily  allied  to  the  non-metals,  however,  tbey 
do  not.  Thus,  the  crystals  of  antimony  and  bismuth  belong  to  the 
hexagonal  syabeia,  and  those  of  tin  to  the  square  prismatic. 
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The  metals  vary  in  dsnrily  from  lithium,  which  le  little  more  than 
half  as  heavy  a«  water  (sp.  gr.  0,53),  to  osmium,  the  density  of  which 
is  22.5.  Thoee  which  have  a  density  less  than  5,  namely,  potassium, 
sodium,  calcium,  magnesium,  aluminium,  and  barium,  are  called  the 
light  metals,  and  the  others  the  heavy  metals. 

Most  metals  are  mollstiile,  and  can  be  beaten  into  thin  sheets  with- 
out loss  of  continuity.  Those  which  are  allied  to  the  non-metals, 
however,  such  as  arsenic,  antimony,  and  bismuth,  are  brittle,  and  can 
be  reduced  to  powder  in  a  mortar.  Zinc  becomes  malleable  only 
when  heated  to  150°.  The  order  of  the  elements  in  respect  to  this 
property,  beginning  with  the  most  malleable,  is:  Au,  Ag,  Cu,  Sn,  Pt, 
Pb,  Zn,  Fe,  Ni. 

The  tenaoltr  of  the  metals  places  them  in  a  different  order. 
It  is  measured  by  the  number  of  kilograms  which  a  piece  of  the  metal 
1  sq.  mm.  in  section  can  sustain  without  breaking.  The  values  are 
as  foUows:  Fe  62,  Cu  42,  Pt  34,  Ag  29,  Au  27,  Al  20,  Zn  6,  Pb  2. 

The  hardDwt  (Appendix  II)  is  measured  by  the  ease  with  which  the 
material  may  be  disintegrated  by  a  sharp,  hard  instrument.  Potas- 
sium is  as  soft  as  wax,  while  chromium  is  hard  enough  to  cut  glass. 

The  tomperature  at  which  the  metal  fusw  has  an  important 
bearing  on  its  manufacture.  Most  of  the  following  malUnc-polnts 
are  only  approximate: 


-a!i° 

41fl' 

Cast  iron    .   .   . 

1150° 

Potassium 

m° 

AntimoQy    .    .   . 

KVi" 

Manganese     .   . 

1280° 

Sodium     . 

651° 

iisa- 

Tin    .   .   . 

•m" 

fiflH" 

Chropiium  .    .    . 

1520° 

Bismuth  . 

271" 

Silver 

flfiO- 

Iron  (pure)     .   . 

1530° 

321° 

1063° 

Platinum    .  .   . 

Lead     .   . 

327" 

Copper     .... 

1083" 

Tungsten    .  .   . 

3M0° 

It  will  be  seen  that  mercury  is  a  hquid,  that  potassium  and  sodium 
m^t  below  the  boiling-point  of  water,  and  that  the  metals  down  to  the 
foot  of  the  second  column  can  be  melted  easily  with  the  Bunsen 
flame.  The  metals  osmium,  molybdenum,  uranium,  iridium,  and 
vanadium  have  melting-points  above  that  of  platinum.  For  iron, 
two  different  methods  pve  1510°  and  1550°,  respectively. 

The  methods  of  manufacture  and  the  treatment  of  metals  are 
much  influenced  also  by  their  ToUtilitr.  The  following  are  easily 
distilled:  Mereury,  b.-p.  357°;  potassium  and  sodium,  b.-p.  about 
700°;  cadmium,  b.-p.  770°;  zinc,  b.-p.  020°.  Even  the  most  invola- 
tile  metals  can  be  converted  into  vapor  in  the  electric  arc. 
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In  many  cases  molten  metals  diseolve  in  one  another  freely.  The 
mixtures  are  called  alloys,  and  in  some  cases  are  simply  solid  solu- 
tions. Sometimes,  as  in  the  case  of  lead  and  tinf  mixtures  can  be 
formed  in  all  proportions.  On  the  other  hand,  th^  solubility  may  be 
limited,  as  in  the  case  of  zinc  and  lead,  where  ohly  1.6  parts  of  the 
fonuer  disaolve  in  100  parts  of  the  latter.  Frequently  chemical 
compounds  are  formed.  The  colors  of  alloys  are  not  the  avera^  of 
thoee  of  the  oonstituento.  Thus,  a  mixture  containini;  copper  with 
30  per  cent  of  tin  is  perfectly  white.  A  omilar  mixture  with  30 
per  cent  of  zinc  is  pale  yellow.  The  nickel  alloy  used  in  coining 
contains  75  per  cent  of  copper  and  25  per  cent  of  nickel,  yet  it  shows 
none  of  the  color  of  the  former.  Thirty  per  coit  of  gold  may  be 
added  to  diver  without  conferring  any  ydlow  tint  upon  it. 

Some  of  the  properties  of  alloys  are  classifiable  by  the  ordinary 
laws  of  solution.  Thus,  a  foreign  solute  lowers  the  vapor  tenaon  of  a 
solvent  (p.  197),  and  so  the  presence  of  a  foreign  metal  diminishes  the 
ease  with  which  particles  can  be  torn  from  the  surface  by  any  means 
whatever.  That  is  to  say,  it  increases  the  hardness.  A  foreign  metal 
also  lowers  the  melting-point  (p.  .199,  see  solder).  In  many  cases  the 
metfd  becomes  less  active  when  fdloyed.  Thus,  a  mixture  of  gold  and 
silver  containing  twenty-five  per  cent  of  the  latter  does  not  interact 
wdbly  with  nitric  acid.  It  is  necessary  to  bring  the  amount  of  silver 
up  to  75  per  cent  at  least  ("quartation")  in  order  that  the  ralver  may 
be  freely  attacked  by  the  warm  acid.  The  gold  remains  in  any  case 
untouched.  The  malleability  and  the  conductivity  for  beat  and  elec- 
tridty  are  diminished  by  solution  of  a  foreign  metal.  Copper,  whose 
commercial  apphcations  depend  laigely  on  the  first  and  tWrd  of  these 
properties,  Is  much  affected  in  respect  to  them  by  the  presence  of  even 
small  traces  of  impurities. 

Alloys  in  which  mercury  forms  one  of  the  components  are  known 
as  Mnilgamii  (Gk.  pf^ny^,  a  soft  mass),  and  are  formed  with  eepedal 
ease  by  the  lighter  metals.  Of  the  common  metals,  uvn  is  the  least 
miscible  with  mercury. 

The  good  conductivity  of  metals  for  alsctrfeltr  distinguishes  them 
with  some  d^ree  of  sharpness  from  the  non-metals.  They  show  con- 
siderable variation  amongst  themselves,  sUver  conducting  sixty  times 
as  well  as  mercury.  The  conductivity  increases  as  the  temperature  b 
lowered,  and  this  fact  is  taken  advantage  of  in  the  measurement  of 
the  temperature  of  liquefied  gases.  The  platinum  resistance  ther- 
mometer consists  chiefiy  of  a  wire  of  platinum.  The  remstaoce  of 
ttus  metal  diminishes  so  rapidly,  with  decreaang  temperature,  that 
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measurement  of  ita  reastance  can  be  used  for  the  accurate  determina- 
tion of  the  temperatm«.  In  the  following  table  the  conductivities 
of  the  metals  are  expressed  in  terme  of  the  number  of  meters  of  wire 
1  sq.  mm.  in  section  which,  at  15°,  offer  a  resistance  of  one  ohm: 

Silver,  oast 62.89 

Copper,  commercial     .   .    .  57.40 

Gold,  eaat 46.30 

Aluminium,  commercial  .    ,  31 .  62 

Zinc,  rolled 16.95 

BrasB 14.17 


Nickel,  cart  .    . 

.   .  7.69 

Iron,  drawn  .    . 

.    .  7.66 

Platinum  . 

.    .  6.7-8.4 

Steel 

.    .  5.43 

Mercurv 1.04fi 

The  resistance  at  0°  of  a  coluinn  of  mercury  1  aq.  mm.  in  section 
and  1.063  meters  long  is  the  unit  of  resistance,  and  is  called  one  ohm. 
It  is  employed  in  expressing  the  conductivities  of  solutions  (p.  362). 
To  compare  the  above  figures  with  those  ^ven  for  solutiona,  however, 
it  must  be  recalled  that,  in  the  measurement  of  the  conductivities 
of  the  latter,  a  column  only  1  cm.  in  length  and  of  1  aq.  cm.  area  was 
employed,  so  that  the  figures  representing  the  conductivities  of 
scdutions  are  on  a  scale  approximately  ten  tbousapd  times  aa  great 
as  those  presented  in  the  above  table.  Thua,  normal  hydrochloric 
acid  (p.  365)  has  a  conductivity  on  the  above  scale  of  O.C^Oi,  or  less 
than  a  thirtieth  of  that  of  mercury. 

The  world's  production  (19U)  of  the  metals  in  metric  tons  of  1000 
kilos,  is  approximately  as  follows : 


Copper 

1,000,000 

Chromium 

60,000 

Gold 

Zinc 

1,000,000 

Nickel 

32,000 

Bismuth 

Lead 

1,000,000 

SUver 

7,800 

Cadmium 

Tin 

120,000 

Tungrten 

4,800 

Platinum 

Aluminium 

79,000 

Mercury 

3,000 

General  Chenucal  Retationa  qf  the  Metallic  EJ^menta. — 

Since  most  of  the  compounds  of  the  metals  are  ionogens,  their  solu- 
tions, except  when  the  metal  is  a  part  of  a  compound  ion  or  of  a  com- 
plex ion  (see  below),  all  contain  the  metal  in  the  ionic  state,  and  the 
resulting  substances,  such  as  potassium-ion  and  cupric-ion,  have 
constant  jnvperties,  ureapective  of  the  nature  of  the  negative  ion 
with  which  they  may  be  mixed.  The  properties  of  the  ions,  simple 
and  compound,  are  much  used  in  making  tests  in  analytical  chem- 
istry, Cta  the  other  hand,  the  chemical  properties  of  the  oxides  and 
of  the  salts  in  the  dq/  stofe  are  of  importance  in  connection  with 
metallui^. 
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There  are  tbrm  chsmlcftl  raUtioDi  which  are  olurftctMiitlc  ot  all 
m«tfTt"'"  alomentB.  These  form  the  basis  of  the  diBtinction  between 
metallic  and  non-metallic  elements.  The  first  two  of  them  have 
already  been  discussed  somewhat  folly. 

1.  The  metals  are  able  by  themselves  to  form  posilwe  radicals  of 
Baits,  and,  therefore,  to  exist  alone  as  positive  ions  {pp.  356,  375), 

2.  The  oxides  and  hydroxides  of  the  metal  sare  basic  (pp.  149,374). 

3.  Each  typicxil  metal  has  at  least  one  halogen  compound  which 
is  little,  if  at  all,  bydrolyzed  by  water  (p.  399  and  next  section). 
The  same  thing  is  true  of  nitrates  and  other  salts  involving  active 
acids. 

There  are  tbree  other  chemical  relatione  which  are  shown  by 
many  metallic  elements,  but  no  one  of  them  applies  to  all. 

4.  An  oxide  or  hydroxide  which  is  basic  may  also  be  acidic,  as, 
for  example,  zinc  hydroxide  (p.  122).  Even  when  this  is  not  the 
case,  some  other  oxide  of  the  metal  may  be  acidic  exclusively,  as  is 
manf;ane8e  heptoxide  (p.  457).  In  consequence  of  either  of  these 
tacts,  a  metal  may  form  part  of  the  n^ative  radical  of  a  ample"  salt, 
and  therefore  be  found  in  a  negative  ion,  aS,  HZnOj~  or  MnOj". 

5.  Some  salts  of  certain  metals  combine  with  those  of  others  to 
give  complex  salts  (p.  405  and  see  p.  649).  Of  this  sort  are  the 
complex  cyanides,  such  as  K.Ag(CN)2  and  K4.Fe(CN)«.  A  metal 
thus  forms  part  of  the  negative  radical  of  a  salt  of  a  complex  acid, 
and  therefore  is  found  in  an  anion  like  Ag(CN)i'"  or  PtCU=. 

6.  Some  metals  also  form  parts  of  complex  cations  which  are  con- 
tained in  solutions  of  molecular  compounds  (p.  530).  Thus,  when 
AgCl,3NHi  is  dissolved  in  water,  or  when  ammonium  hydroxide  is 
added  to  a  solution  of  a  salt  of  silver,  the  positive  ion  is  found  to  be 
AgCNHs),^  (see  under  Copper).  (For  a  detailed  UlustratioD  of  the 
application  of  these  six  criteria,  see  discussion  of  the  chemical  rela- 
tions in  the  nitrogen  family,  Chap.  XLI.) 

Aside  from  these  points,  many  features  in  the  behavior  of  metals 
and  their  compounds  are  summed  up  in  the  electromotive  series  (p. 
404).  The  r^er  should  re-read  all  the  parts  referred  to  above 
before  proceeding  farther.  He  should  also  reexamine  the  various 
kinds  of  chemical  changes  enumerated  on  p.  228  and  particularly  the 
varieties  of  ionic  chemical  change  on  p.  402. 

Hydrolysis  of  Halogen  Compounds,  Used  to  Diatingtush 
Met^illic  Elements  from  Non-Metallic  Elements.  —  We  have 
seen  that  the  halogen  compounds  of  phosphorus  (p.  555),  of  sulphur 
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(p.  450),  of  silicon  (p.  632),  and  of  other  non-metallic  elemeots,  are 
comi^etely  bydrolyzed  by  water,  ^ving  the  hydrogen  halide,  and  an 
acid  whidi  contwns  the  hydroxyl  of  the  water: 

PCI,  +  3H0H  -» 3Ha  +  P(OH),. 

Now,  those  elements  whose  halogen  compoundB  are  not  hydrolysed  by 
water,  or,  at  all  events,  are  only  partJy  bydrolyzed,  are  the  ones 
daseed  as  metric  elements.  Thus,  sodium  chloride  is  not  decom- 
posed appreciably  by  water,  and  cupric  chloride,  like  cupric  sulphate 
(p.  399),  ia  but  slightly  bydrolyzed,  and  its  solution  has  a  faint  acid 
reaction: 

CuCIj  +  2HiO  ±5  2HC1  +  Cu(OH),, 
or,  Cu++  +  20H-  +  2H+  -*  Cu(OH),  +  2H+. 

In  a  few  cases,  as  with  the  chlorides  a(  antimony  (q.v.)  and  <^  bis- 
muth (q.v.),  a  considerable  proportion,  but  not  all,  of  the  halc^en  ia 
removed  from  each  molecule: 

SbCU  +  H,0  ?:*  2Ha  +  sboa  i . 

Here  the  water  produces  a  sli^t  bydroly^,  but  the  insolubility  of 
one  product  weakens  the  reverse  action  and  the  equilibrium  is  dis- 
placed forwards  chiefly  because  of  the  precipitation.'  The  reeultang 
mixture  is  strongly  acid,  and  the  product  (antimony  oxychloride)  is 
a  definite  compound,  of  the  nature  of  a  mixed  salt  (p.  401),  known  as 
a  basic  salt.  The  difference  is  that,  with  the  halides  of  the  mOcMie 
elements,  the  action  on  water  is  notably  reversible,  and  the  reverse 
action,  unless  handicapped  by  precipitation  of  one  factor,  prevents 
much  displacement  of  the  equilibrium,  while  with  halides  of  the 
rumrmetaUic  elements,  the  action  is  not  reverMble. 

Hydrolysis  of  the  halides  of  the  metals  is  increased  by  rise  in  tem- 
perature and  by  dilution  of  the  solution  (addition  of  more  water), 
and  also  gains  b^fayay  when  one  of  the  products  of  'hydrolysis  is 
thrown  down  as  q^recipitate.  The  last  two  influences  are  the  ones 
which  normally  permit  any  reversible  action  to  approach  completion 
(p.  301). 

l^e  halogen  compounds  are  chosen  as  the  basis  of  this  criterion 
because  the  halogen  acids  are  active  and  would  reverse  the  hydrolysis 
completely,  and  leave  no  acid  reaction,  if  the  result  depended  upon 
them  alone.  It  is  the  lack  of  activity  in  the  base,  and  the  tendency 
of  its  moUculea  to  be  formed  from  t^e  metal  ions  of  the  salt  and  the 
OH-  of  the  wBter  (p.  399),  that  detemune  the  ^ght  hydrolyras, 
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wfaeD  it  occuts.  Tbua,  this  criterion  is  simply  anothra  meaoB  of  recog- 
nizing  whether  or  not  the  hydroxide  of  the  element  is  a  strong  (much 
ionized)  base,  and  its  application  gives,  therefore,  the  same  result  in 
each  case  as  does  the  employment  of  the  second  of  the  chemical  chai^ 
acteristics  of  the  metallic  elements  (see  above). 

Other,  non-halide  salts  of  the  metals,  even  of  the  most  active, 
may  be  extensively  hydrolyzed  by  water.  Thus,  aodium  sulphide 
is  decomposed  by  it  (p.  418)  to  the  extent  oi  one-half.  But  here  the 
solution  is  aVadine  in  reaction : 

Na^  +  H^  -» NaSH  +  NaOH, 

owii^  to  the  small  ionisation  of  the  SH~  ion,  and  the  result  is  due 
to  the  feebleness  of  the  acid  H^.  Indeed,  the  ffe&t  activity 
of  the  base  is  demonstrated  by  the  final  reaction  of  the  solu- 
ti<Hi,  and  the  metallic  nature  of  sodium  is  therefore  not  impugned 
by  the  existence  of  hydrolysis  per  se  in  such  a  salt  as  this,  but  is 
rather  confirmed. 

To  imn  up:  An  alkaline  reaction  shows  that  we  have  a  solution  of 
a  salt  of  an  active  metal  with  a  weak  acid;  an  acid  reaction  that  we 
have  a  salt  of  an  inactive  metal,  which  may  even  verge  on  the  non- 
metallic,  with  an  active  acid.  Salts  of  two  active  compoaenta  ^ve 
neutral  solutions.  Thus,  as  a  particular  case,  the  halogen  com- 
pounds oi  the  typicd  metals  are  not  perceptibly  hydrolyzed  by  wat«r, 
and  the  hydrolysis  of  the  halide  of  a  less  pronounced  metal  takes 
place  with  acid  reaction,  and  is  easily  revemble  by  excess  of  either 
product.  A  salt  of  an  acid  and  base  both  of  which  are  weak  is  also 
hydrolyzed.  If  the  resulting  base  or  acid  is  insoluble,  the  hydrolysiB 
may  go  nearly  to  completion.  Aluminium  carbonate  and  ammonium 
alicate  are  examples  of  salts  which,  for  this  reason,  are  completely 
hydrolyzed.  From  the  former,  aluminium  hydroxide  is  precipitated, 
and  from  the  latter  silicic  acid.  When  both  base  and  acid  are  weak, 
but  soluble,  the  resulting  mixture  may  have  lUi  acid  or  a  basic  reaction, 
if  the  acid  or  the  base  is  sufficiently  active  to  affect  an  indicator. 
Thus,  ammonium  sulphide  (NH^^  solution  is  alkaline. 

The  rather  exaggerated  language  commonly  used  by  chemists  in 
r^ard  to  hydrolysis  must  not  be  misinterpreted.  When  it  is  said  that 
borax  gives  a  strongly  alkaline  solution,  and  is  "extensively"  hydro- 
lysed,  this  only  means  that  in  a  O.liV  solution  0.5  per  cent  of  the  salt 
is  decomposed.  Aluminium  chloride  gives  a  strong  acid  solution, 
but  even  in  a  0.001^  solution  the  hydrolysis  (25°)  reaches  only  4.5 
per  cent. 
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Salts  of  Complex  Adda.  —  These  salts  are  of  maiijr  claases, 
and  arise  by  direct  union  of  two  salts.  Thus  we  have  cyanides  like 
potassium  ai^nticyanide  K.Ag(CN)t,  potasdum  cufffocyanide 
KCu(CN)i,  and  potasaiuin  ferrocyanide  li.Fe(CN)«: 

K.CN  +  AgCNt  -♦  K.Ag(CN),. 

The  complex  sulphur  compounds  of  arsenic,  aotimonyj  and  tin  {q.v.), 
such  aa  sodiimi  sulphostannate  Naj.SnSi,  are  made  in  the  same  way : 

Na,.S  +  SnS,t  ^  Nas.SnS,. 
Many  double  halidea  are  of  a  like  nature,  as  potassium  chloroplat- 
inate  I^.PtCl«,  chloroplatinic  acid  Hi.PtCU,  and  sodium  chloraurate 
Na.AuCl^.  In  every  case,  the  metal  of  one  of  the  original  salts  is 
contained  in  the  negative  radical  (the  anion).  HydroEuosilicic  acid 
'  (p.  633)  is  a  compound  analogous  to  those  of  the  laat  group,  excepting 
that  SiFt,  from  which  it  is  formed,  is  not  a  salt,  and  silicon  is  not  a 
metaL 

The  characteristic  of  these  compounds  is  that,  when  they  are 
ionized,  the  less  positive  metal  is  contained  in  a  complex  anion  like 
^(CN)j~,  SnSj^,  PtCl*~.  In  fact,  they  behave,  in  most  respects, 
like  ordinary  sii^e  salts.  Thus,  they  undergo  double  decompositJon 
in  the  normal  manner,  the  complex  ion  actii^  as  a  whole.  For 
example,  a  soluble  ferrocyanide  with  a  zinc  salt  {pves  zinc  ferro- 
cyanide: 

K4.Fe(CN)«  +  2Zn.S04  t±  ZnJ'e(CN)4  +  2K>S04. 

This  behavior  distinguishes  salto  of  complex  acids  from  double  salts 
(p.  402).  In  typical  cases  the  latter  resemble  the  former,  indeed, 
only  in  their  mode  of  preparation  (by  union  of  two  simple  salts),  and 
in  solution  are  resolved  once  more  into  the  component  salts  and  their 
separate  ions.  The  distinction  must  be  regarded,  however,  only  as  a 
means  of  rough  classification  for  practical  purposes.  In  reality,  all 
complex  ions  give  at  least  a  trace  of  the  simpler  ions,  and  many  are  de- 
composed to  a  noticeable  extent.  At  the  other  extreme,  the  double 
salts  form  complex  ions  in  appreciable  amounts  in  concentrated 
solutions. 

In  harmony  with  the  above  characteristic,  salts  of  complex  acids, 
like  potassium  ferrocyanide,  when  treated  with  acids,  like  sulphuric 
acid,  undergo  double  decomposition,  and  give  the  free  complex  acid 
(here  hydroferrocyanic  acid) : 

K4.Fe(CN),  +  2H^S04  ^  H.Fe(CN),  i  +  2K,.S0^ 
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But  in  many  cases  the  acids  are  unstable,  those  of  the  cyanides,  for 
example,  ^viog  up  hydrocyanic  acid  and  those  of  the  complex  sulphur 
compounds  giving  hydrt^en  sulphide : 

H,.SnS.i=fH,ST  +SnS,i. 

The  complex  halogen  acids,  however,  like  Hi.PtCU  and  HAUCI4,  ue 
stable,  and  are  fairly  active  as  acids. 

The  siinilarity  of  theee  compouDds  to  oi^gen  acids,  and  their  salts,  may  b« 
Been  if  we  imagiiie  them  to  be  cases  in  which  eyanogen,  sulphur,  chloiine,  and  other 
radicals  have  taken  the  place  of  oxygen  in  the  anion.  Thus,  [  (CN)i]",  [GUI",  and 
8"  are  equivalent  to  O".  Many  of  the  corresponding  oxygen  ocmpoundB  ore 
actually  known,  as  sodium  etannate  Nai^nOi  and  sodium  aurate  Na^uO^  com- 
eponding  respectively  to  Nat.SnSi  and  Na-AuGU. 

The  behavior  of  complex  i<»s  is  discumed  further  under  Coppat. 

CUua^ication  of  the  MetaUic  Elemehta  by  their  Chemi4xd 
Relattans.  —  In  treating  of  the  metallic  elements  and  their  oani- 
pounds  we  shall  use  the  groupings  provided  by  the  periodic  system 
(p.  461).  A  division  into  eleven  sets,  which  are  described  briefly  and 
in  general  tenns  below,  will  be  sufficient  for  the  purpose  of  this 
book: 

.  1 .  Ibtals  of  tba  *iv»it—  —  lithium,  Bodium,  potasmum,  rubid- 
ium, caesium,  and  the  radical  ammonium  NH4.  These  metals  are 
univalent,  and  their  oxides  and  hydroxides  have  strong  basic  prop- 
erties.   Their  salts  with  active  acids  are  not  hydrolysed  in  acdution. 

2.  Matab  of  tba  AlkaHna  Earthi.  —  Calcium,  strontium,  barium, 
and  radium.  These  metals  are  bivalent  in  all  their  compounds. 
Their  oxides  and  hydroxides  are  stroi^ly  basic,  but  the  latter  are 
not  so  soluble  in  water  as  are  the  hydroxides  of  the  former  family. 
The  salts  with  active  acids  are  not  hydrolyzed. 

3.  Coppor,  81lT«r,  aod  Oold.  —  These  metals  occupy  the  right 
side  of  the  second  column  of  the  table  (opposite  rear  cover).  Their 
alliance  with  the  alkali  metals,  their  neighbors,  is  remote.  Each, 
however,  gives  compounds  in  which  it  is  univalent,  although,  m 
their  commoner  compounds,  copper  and  gdd  are  bivalent  and  triva- 
lent,  respectively.  The  oxides  and  hydroxides  of  copper  and  gc^d 
have  rather  weak  base  properties;  those  of  silver  are  much  more 
active. 

4.  BeiTlliuni,  Magnasiuiii,  Zlns,  Cadmium,  and  Ksivurj.  —  These 
metals,  occupying  the  righl^hand  side  of  the  third  ctriumn,  are  biva- 
lent, ^though  mercury  forma  a  series  of  compounds  in  which  it  is 
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univaleikt  as  well.    The  oxides  and  hydroxides  are  feebly  ba£dc,  those 
of  magnesium  beaBg  the  most  ba^c. 

5.  Aluminium  and  the  other  metals  on  both  ades  of  the  fourth 
column.  —  The  metals  of  these  groups  are  trivalent,  and  the  oxides 
and  hydroxides  are  feebly  basic  in  character.  The  hydroxide  of 
aluminium  has  also  a  feebly  acidic  tendency. 

6.  Qwmwtliim.  Tin,  and  L«ftd,  and  tbe  Titanium  Tunily. —  In  ac- 
cordance with  their  position  in  the  periodic  table  these  metals  are  all 
quadrivalent.  At  the  same  time  they  act  also  as  bivalent  elements, 
the  compounds  of  this  cla^  in  the  case  of  lead  being  the  more  familiar. 
The  oxides  and  hydroxides  are  feebly  basic,  and  are  able  also  to  play 
the  rdle  of  acidic  oxides  towards  strong  bases. 

7.  Anonk),  Antlmon;,  and  Bismuth,  and  the  metals  of  the  Vana- 
dium Oroup.  —  These  elements,  like  nitn^en  and  phosphorus,  form 
two  sets  of  compounds  in  which  they  are  trivalent  and  quinquivalent, 
respectively.  The  acidic  tendency  of  the  oxides  and  hydroxides, 
which  in  the  last  column  was  noticeable,  is  here  much  more  pro- 
nounced. Both  oxides  of  arsenic  are  almost  wholly  acidic  in  he^ 
bavior,  and  the  pentoxides  of  the  other  elements  are  likewise  acid 
anhydrides  exclusively.  The  trioxid^  are  basic  in  a  feeble  way, 
and  their  salts  are  much  hydrolyzed  by  water. 

8.  Chromium,  Molybdenum,  TungBten,  and  Uranium.  —  These 
elements,  occupying  the  left-hand  side  of  the  seventh  column,  exhibit 
a  considerable  variety  of  valence.  The  maximum,  however,  is  six  in 
each  case.  The  oxides  of  the  form  CrO  and  CriOi,  in  which  the 
elements  are  bivalent  and  trivalent,  are  base-forming.  Those  of  the 
form  CrOi,  in  which  the  elements  are  sexivalent,  resemble  sulphur 
trioxide  and  are  acid  anhydrides. 

9.  Hangauoia.  —  This  element,  the  only  one  in  the  eighth  column 
which  has  not  yet-been  treated,  gives  several  series  of  compounds 
in  which  its  valance  varies  from  2  to  7.  Compounds  derived  from 
the  basic  oxide  MilO  are  the  salts  in  which  manganese  is  most  dis- 
tinctly a  metallic  element.  The  highest  oxide,  MnjOr,  is  an  acid 
anhydride. 

10.  Iron,  mcksl,  and  Cobalt. — These  elements  give  oxides  which 
are  feebly  ba^c.  Iron  gives  two  extenave  series  of  compounds  in 
which  it  is  bivalent  and  trivalent,  respectively.  Those  of  the  former 
set  resemble  the  bivalent  salts  of  manganese  and  zinc.  Those  of  the 
latter  resemble  the  salts  of  aluminium.  Cobalt  and  nickel  in  most  of 
their  compounds  are  bivalent  elements,  and  the  behavior  recalls  that 
of  the  compounds  of  bivalent  manganese  and  zinc. 
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11.  PklUdiom  and  PUtinum  runUiM.  —  The  metals  of  these  fam- 
ilies have  little  chemical  activity,  and  their  compounds  are  ea^Iy 
decwnposed  by  heating.  Along  with  gold,  silver,  and  mercury,  which 
have  similar  characteristics,  they  are  sometimes  grouped  tt^ether 
under  the  name  of  the  noble  mettds. 

Occurrence  of  the  Metala  in  Nature.  —  The  minerails  from 
which  metals  are  extracted  are  known  as  otm.  They  present  a  com- 
paratively small  number  of  different  kinds  of  compounds.  Most  of 
the  metaJs  are  found  in  more  than  one  of  these  forms,  so  that  in  the 
following  statement  the  same  metal  frequently  occurs  more  than 
once. 

When  the  metal  occurs  free  in  nature  it  is  stud  to  be  naiin.  Thna 
we  have  native  gold,  olver,  metals  of  the  platinum  group,  copper, 
mercury,  bismuth,  antimony,  and  arsenic  (qf.  p.  404). 

The  metals  whose  6xld«i  are  important  minerals  are  iron,  man- 
ganese, tin,  dnc,  copper,  and  aluminium.  The  met^  are  obtuned 
commercially  from  the  oxides  in  each  of  these  cases. 

The  metals  whose  lulphidw  are  used  as  ores  are  iron,  nickel, 
cobalt,  antimony,  lead,  cadmium,  zinc,  and  copper. 

From  the  carbonatM  we  obtain  iron,  lead,  zinc,  and  copper. 
Several  other  metala,  such  as  manganese,  magnesium,  barium, 
strontium,  and  calcium  occur  in  larger  or  smaller  quantities  in  the 
same  form  of  combination. 

The  metala  which  occur  as  mlphatM  are  those  whose  sulphates 
are  not  freely  soluble,  namely,  lead,  barium,  strontium,  and  calcium. 

Compounds  of  metals  with  the  halogans  are  not  90  numerous. 
Silver  chloride  furnishes  a  limited  amount  of  silver.  Sodium  and  po- 
tassium chlorides  are  found  in  the  salt-beds,  and  cryolite  3NaF,AlPs 
is  used  in  the  manufacture  of  aluminium. 

The  natural  illlcatM  arc  very  numerous,  but  are  seldom  used  for 
the  preparation  of  the  metals  (see,  however,  zinf).  Many  of  them 
are  employed  for  other  commercial  purposes,  kaohn  (p.  636)  or  clay 
bemg  a  conspicuous  example  of  this  cla^. 

MetJtoda  of  Extraction  front  the  Ores,  --r  The  art  aS  extract- 
ing metals  from  their  ores  ia  caJled  nutaUurgy,  Where  the  metal  is 
natlTe,  the  process  is  simple,  »nce  melting  away  from  the  matrix 
(p.  410)  is  all  that  is  required.  Frequently  a  flux  (p.  640)  is  added. 
A  flux  usually  is  a  subatance  which  interacts  with  infusible  materials 
to  ^ve  fusible  ones.    It  combines  with  the  matrix,  giving  a  fusible 
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ib«  (resemblii^  gl^Bs).  Siace  the  siag  is  a  melted  aalt,  usually  a 
ffllicate,  and  does  not  mix  at  all  with  the  molten  metal,  separation  of 
of  the  products  is  easily  effected.  When  the  ore  is  a  compound, 
the  metal  has  to  be  liberated  by  our  furnishing  a  material  capable  of 
combining  with  the  other  conBtituent.  The  details  of  the  procese 
depend  on  various  circumstances.  Thus  the  volatile  met^,  like 
emc  and  mercury,  are  driven  off  in  the  fonn  of  vapor,  and  secured 
by  condensation.  The  involatile  metals,  like  copper  and  iron,  run 
to  the  bottom  of  the  furnace  and  are  tapped  off. 

Where  the  ore  is  an  <nlde  it  is  usually  reduced  by  beating  with 
carbon  in  some  form.  This  holds  for  the  oxides  of  iron  and  copper, 
for  example.  Some  oxides  are  not  reducible  by  carbon  in  an  ordinary 
furnace.  Such  are  the  oxides  of  calcium,  strontium,  bariimi,  m^- 
nesium,  aluminium,  and  the  members  of  the  chromium  group.  At 
the  temperature  of  the  electric  furnace  even  these  may  be  reduced, 
but  the  carbides  are  formed  under  such  circumstances,  and  the  metals 
are  more  easily  obtained  otherwise.  Recently,  heating  the  pul- 
verized oxide  with  finely  powdered  aluminium  has  come  into  use, 
particularly  for  operations  on  a  small  scale.  Iron  oxide  is  easily 
reduced  by  this  means,  and  even  the  metals  mai^anese  and  (;hro- 
mium  may  be  hbemted  from  their  oxides  quite  readily  by  this  action. 
This  procedure  has  received  the  name  alumlnottunny  (^.i;.),  on  ac- 
count of  the  great  amounts  of  heat  hberated.  In  the  laboratory 
the  oxides  of  the  less  active  metals  are  frequently  reduced  in  a  stream 
of  hydrogen  {cf.  p.  127). 

When  the  ore  is  a  o«rb<mate,  it  is  first  heated  stroi^iy  to  drive  out 
the  carbon  dioxide  {cf.  p.  573) :  FeCOt  t^  FeO  +  C0»  T ,  and  then  the 
oxide  is  treated  according  to  one  of  the  above  methods.  When  the 
ore  is  a  lulphlde,  it  has  to  be  calcined  (cf.  p.  424)  in  order  to  remove 
the  sulphur,  and  the  resulting  oxide  is  then  treated  as  described  above. 

ChloridM  and  Suorldes  of  the  metals  can  be  decomposed  by  heat- 
ing with  metallic  sodium  (cf.  p.  630).  This  method  was  formerly  em- 
ployed in  the  making  of  magnesium  and  aluminium. 

The  metals  which  are  not  readily  secured  in  any  of  the  above  ways, 
can  be  obtained  easily  by  «laotrolysls  of  the  fused  chloride  or  of 
some  other  simple  compound.  Aluminium  is  now  manufactured 
entirely  by  the  electrolysis  of  a  solution  of  aluminium  oxide  in  mol- 
ten cryolite. 

Compounds  c^  the  Me^Ui  Oxides  and  Hydroxides.  —  The 
oiidM  may  be  made  by  direct  burning  of  the  metals,  by  heating  the 
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nitrates  (qf.  p.  531),  the  carbonates  (i^.  p.  573),  or  the  hydroxides: 
Ca(OH)s  i=t  CaO  +  HjOT-  They  are  practically  insoluble  in  water, 
although  those  of  the  metals  of  the  alkalies  and  of  the  metals  of  the 
alkaline  earths  interact  with  water  rapidly  to  give  the  hydroxides. 
They  are  usually  stable.  Those  of  gold,  platinum,  silver,  and  mer- 
cury, decompose  when  heated,  yet  with  increasing  difficulty  in  this 
order.  The  metals,  like  the  non-metals,  frequently  give  several 
different  oxides.  Those  of  the  univalent  metals,  having  the  form 
KsO,  if  we  leave  cuprous  oxide  and  aurous  oxide  out  of  account, 
have  the  most  strongly  basic  qualities.  Those  of  the  bivalent 
metals  of  the  form  MgO,  when  this  is  the  only  oxide  which  they 
furnish,  are  base-forming.  Those  of  the  trivalent  metals  of  the 
form  AliOs,  known  as  HsqulozidM  (Lat.  sesqui-,  one-half  more), 
are  the  least  ba«c  of  the  basic  oxides.  The  oxides  of  the  forms 
SnOi,  SbjOs,  CrOj,  and  MnjO?,  in  which  the  metals  have  valences 
from  4  to  7,  are  mainly  acid-forming  oxides,  although  the  same  ele- 
ments usually  have  other  lower  oxides,  which  are  baac. 

The  hydroxidw  are  formed,  in  the  cases  of  the  metals  of  the 
alkalies  and  alkaline  earths  by  direct  union  of  water  with  the  oxides. 
They  are  produced  also  by  double  decomposition  when  a  scJuble 
hydroxide  acts  upon  a  salt  (c/.  p.  398).  All  hydroxides,  except 
those  of  the  alkali  metals,  lose  the  elements  of  water  when  heated, 
and  the  oxides  remain.  In  some  cases  the  loss  takes  place  by  stages, 
just  as  was  the  case  with  orthophosphoric  acid  (p.  558).  Thus  lead 
hydroxide  Pb(OH),  iq.v.)  first  gives  the  hydroxide  PbsO(OH)s,  then 
Pb,Oj(OH),,  and  then  the  oxide  PbO.  The  hydroxides  of  mercury 
and  silver,  if  they  are  formed  at  all,  are  evidently  unstable,  for, 
when  either  material  is  dried,  to  remove  adhering  moisture,  it  is 
found  to  cont^n  nothing  but  the  corresponding  oxide.  With  the 
exception  of  those  of  the  metals  of  the  alkalies  and  alkaline  earths, 
all  the  hydroxides  are  little  soluble  in  water. 

Compounds  of  the  Metals:  Salts.  —  It  may  be  said,  in  gen- 
eral, that  each  metal  may  form  a  salt  by  combination  with  each  one  of 
the  acid  radicals.  In  the  succeeding  chapters  we  shall  describe  only 
those  salts  which  are  manufactured  commercially,  or  are  of  spedal 
interest  for  some  other  reason.  The  various  salts  will  be  described 
under  each  metal.  Here,  however,  a  few  remarks  may  be  made 
about  the  characteristics  of  the  more  common  groups  of  salts.  The 
salts  are  classified  according  to  the  acid  radicals  which  they  con-, 
tain. 
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The  cbloildM  may  be  made  by  the  direct  union  of  chlorine  with 
the  metal  (c/.  p.  221),  or  by  the  combined  action  of  carbon  and  chlorine 
upon  the  oxide  {i^.  p.  632).  The  general  methods  for  making  any 
salt  (p.  213),  such  as  the  interaction  of  a  metal  with  an  acid,  or  of  the 
oxide,  hydroxide^  or  another  salt  with  an  acid,  or  the  double  decom- 
poution  of  two  salts,  may  be  used  also  for  making  chlorides.  The 
chlorides  are  for  the  moat  part  soluble  in  water.  Silver  chloride, 
mercurous  chloride,  and  cuprous  chloride  are  almost  insoluble, 
however,  and  lead  chloride  ia  not  very  soluble.  Most  of  the  chlorides 
of  metals  dissolve  without  decomposition,  but  hydrolysis  is  noticeable 
in  the  case  of  the  chlorides  of  the  trivalent  metaJs,  such  as  aluminium 
chloride  and  ferric  chloride  {cf.  p.  64S).  The  chlorides  <^  some  of  the 
bivalent  metals  are  hydrolyzed  also,  but,  as  a  rule,  only  when  they 
are  heated  with  water.  This  is  the  case  with  the  chlorides  of  mag- 
nesum,  calcium,  and  zinc.  Most  of  the  chlorides  are  stable  wh^i 
heated,  but  those  of  the  noble  metals,  particularly  gold  and  platinum, 
are  decomposed,  and  chlorine  escapes.  The  chlorides  are  usually 
the  most  volatile  of  the  salts  of  a  ffven  nietal,  and  so  are  preferred  for 
the  production  of  the  spectrum  iq.v.)  of  the  metal,  and  for  fixing  the 
atomic  weight  of  the  metal  by  use  of  the  vapor  density.  Some  of  the 
metals  form  two  or  more  different  chlorides.  For  example,  indium 
gives  IijCl,  InCli,  and  InCl,. 

The  su^ihidH  are  formed  by  the  direct  union  of  the  nietal  with  sul- 
phur, or  by  the  action  of  hydrogen  sulphide  or  of  some  soluble  sul- 
phide upon  a  solution  of  a  salt  (cf.  p.  421).  In  one  or  two  cases  they 
are  made  by  the  reduction  of  the  sulphate  with  carbon.  The  sul- 
phides, except  those  of  the  alkali  metals,  are  but  little  soluble  in  water. 
The  sulphides  of  aluminium  and  chromium  are  hydrolyzed  completely 
by  water,  giving  the  insoluble  hydroxides,  and  those  of  the  metals  of 
the  alkaline  earths  are  partially  hydrolyzed  {qf,  p.  421). 

Some  of  the  metals,  when  they  are  in  the  molten  form,  dissolve 
carbon,  and,  when  they  aje  cooled  once  more,  deport  it  In  the  form 
of  graphite.  This  is  true  particularly  of  platmmn  and  iron.  The 
oarbldM  are  usually  formed  in  the  electric  fumace  by  interaction  of 
an  oxide  with  carbon  (cf.  p.  570).  Some  of  them  are  decomposed  by 
contact  with  water,  after  the  manner  of  calcium  carbide,  ^ving  a 
hydroxide  and  a  hydrocarbon.  Of  this  class  are  lithium  carbide  LijCi, 
barium  and  strontium  carbides  BaCi  and  SrCi,  aluminium  carbide 
AI4C1,  manganese'  carbide  MnC,  and  the  carbides  of  potassium  and 
gluciaum.  Others,  such  as  those  of  molybdenum  MoiC  and  chro- 
mium CriCt,  are  not  affected  by  water. 
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The  nltratM  may  be  made  by  any  of  the  metboda  used  for  prepar- 
ing salts.    The  normal  nitrates  are  all  at  least  fairly  soluble  in  water. 

The  lu^dkatn  are  made  by  the  methods  used  for  making  s&Ita, 
(uid  in  some  cases  by  the  oxidation  of  sulphides.  They  are  all 
soluble  in  water,  with  the  exception  of  those  of  lead,  barium,  and 
strontium.    Calcium  sulphate  is  meagerly  soluble. 

The  eubonatM  are  prepared  by  the  methods  used  for  makdi^ 
salts.  They  are  all  insoluble  in  water,  with  the  exception  of  thoee  of 
sodium  and  potassium.  The  hydroxides  of  aluminium  and  tin  are  so 
feebly  basic  and  so  insoluble  that  these  metals  do  not  form  carbonates 
which  are  stable  in  contact  with  moisture  {cf.  p.  648). 

The  phoq>Ikat«  and  sUicatM  are  prepared  by  the  methods  used  in 
makii^  salts.  The  former  are  obt^ned  also  by  special  processes 
already  described  (p.  559).  With  the.  exception  of  the  salts  of 
BocUum,  ammonium,  and  potassium,  all  the  salts  of  both  these  d&Bses 
are  insoluble. 

Solubility  of  Bases  and  Salts.  —  The  solubilities  of  a  few  salts 
at  various  temperatures  have  already  been  pven  (p.  191).  For  the 
axact  solublUtlM  of  a  large  number  of  buM  and  uUs  (142)  at  18', 
see  the  Table  lniid«  th«  covsr,  at  the  front  of  this  book.  Bach  square 
contains  two  numbers  expressing  the  solubility  of  the  compound  whose 
cation  stands  at  the  head  of  the  column  and  whose  anion  is  indicated 
at  the  side.  The  solubility  is  that  of  the  hydrate  stable  at  18", 
where  such  exists.  The  uppor  nainb«r  in  each  case  ^ves  the  number 
of  grams  of  the  anhydrous  salt  held  in  solution  by  100  c.c.  of  water. 
The  lower  nuiaber  shows  the  number  of  moles  in  1 1.  of  the  saturated 
solution,  and  indicates  therefore  the  concentration  in  terms  of  a  molar 
solution  as  unity — the  molar  solubility.  In  the  cases  of  the  less 
soluble  compounds  the  values  are  not  exact,  but  they  will  serve  to 
show  ro\^hly  the  relative  solubilities  when  several  substances  are 
compared.  The  numbers  for  small  solubilities  have  been  abbreviated. 
Thus,  0.0^  =  0.0000004. 

The  following  are  the  solubilities  (number  of  grams  in  100  c.c. 
water)  at  18°  of  two  additioofd  insoluble  substances  and  of  three 
acid  salts. 

Mercuroua  chloride,  0.0i2  Sodium  bicarbonate  9.6 

(molar  sol'ty,  O.Otl)  Potassium  bicarbonate  26.1 

Mercuric  iodide,      0.0*4  Potassium  bisulphate ,  50.0 

(molar  sol'ty,  0.(^1)  Sodium  bisulphate  (0°)  50.0 
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It  will  be  seen  that  some  compounds,  like  zinc  cbloride  and 
barium  iodide,  are  exceedingly  soluble;  that  others,  like  potassium 
chloride  and  barium  chlorate,  are  of  medium  solubility;  that  still 
others,  like  calcium  hydroxide  and  calcium  sulphate,  are  sparingly 
soluble;  and,  finally,  that  some,  like  calcium  oxalate  CaCjO,  and 
barium  chromate,  are  almost  insoluble.  The  reader  should  note  the 
fact,  however,  that  the  differences  in  solubility  even  amongst  the 
insoluble  salts  are  as  great  as  amongst  the  soluble  ones. 

Solubilitlw  at  dUI«rent  t«tnpar»tures  are  shown  in  the  diagram, 
Fig.  79,  p.  191. 

Hydrated  Forma  of  Salts  Commonly  Used,  —  In  the  table 
pven  below,  the  figures  refer  to  the  number  of  molecules  of  water  in 
the  hydrates  which  are  deported  by  aqueous  solutions  of  the  saJta 
in  the  neighborhood  of  18°.  The  letter  A  means  that  the  compound 
is  stable  when  heated,  the  letter  o  thatit  is  not  affected  by  the  air, 
the  letter  d  that  the  salt  is  deliqueacetit,  and  the  letter  e  that  the 
hydrate  loses  water  spontaneously  in  an  open  vessel,  i.e., 

CompoolUon  of  ^dratas  of  Salts 


CI 


NO.  . 
CIO,  . 
BrO,  - 
10,  .  . 
CiHiO, 
SO,.  . 
CrO,  . 
CK3.  - 
CO,     - 


Isomorphism.  —  All  subetances  which  crystallize  in  one  of  the 
forms  belonging  to  the  r^ular  system  (p.  172)  must  necessarily  have 
identical  crystalline  shapes.  Thus,  crystallized  specimens  of  sodium 
chloride  and  of  lead  sulphide  (galena)  in  their  natural  shapes  are 
cubical.  The  forms  found  in  other  systems,  however,  are  capable 
of  assuming  an  infinite  diversity  of  shapes.  The  relative  lengthening 
or  shortening  in  one  direction,  shown  by  the  square  prismatic  and 
hexagonal  forms  (p.  172),  for  example,  makes  it  possible  for  each 
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separate  Bubstance  to  adopt  proportions  which  are  more  or  less  dif- 
ferent from  those  of  every  other  substance.  Each  substance,  not 
belonging  to  the  regular  system,  does,  in  fact,  crystallize  invariably 
in  forms  based  upon  its  own  fundamental  proportions,  and  differs 
therefore  in  its  angles  from  all  other  such  substajicea  in  a  way  that  is 
clearly  recognizable  by  refined  measurement. 

Now  it  is  found  that  substances  which  are  chemically  somewhat 
similar  (see  below)  frequently  crystallize  tn  the  same  system  and  show 
proportions  which  are  almost,  although  not  quite,  identical.  Fur- 
ther, two  or  more  such  substances,  when  the  approach  to  identity  in 
angles  is  not  accidental,  can  take  part  in  the  construction  of  one  and 
the  same  crystal.  A  crystal  of  one  such  substance  placed  in  a  solu- 
tion of  the  other  will  continue  to  grow,  and  in  doing  so  will  follow  the 
pattern  already  set,  and  mmply  increase  in  dimensions  by  accretion  of 
the  new  material. .  When  a  solution  containing  two  such  subetADces 
deposits  crystals,  the  structures  are,  not  some  of  them  of  one  material 
and  some  of  the  other,  but  are  all  made  up  of  both  in  a  ratio  deter- 
mined by  the  relative  amounts  of  the  substances  in  the  solution.* 
Bubitaiicet  related  in  these  two  ways,  that  is,  havlns,  wh«n  separate, 
crystalline  forms  which  are  closely  alike  and  being  cquble  of  fonninc 
hotnogeneoui  cryitals  containing  vairing  proptntlona  of  the  two  ta- 
gredientB,  are  called  iaomoiphous  Buhstances  (Gk.  voj,  equal;  /lop^i 
form).  Thus,  potasaum  permanganate  KMnO*  and  potassium 
perchlorate  KC10«  crystallize  in  the  rhombic  sj^tem,  formii^  crys- 
tals with  very  similar  angles  (Fig.  70,  p.  173),  and  when  a  solution 
containing  both  is  allowed  to  evaporate  there  is  formed  but  one 
set  of  crystals  made  up  of  both  substances.  Similarly,  potassium 
iodide  and  ammonium  iodide  crystallize  in  cubes  of  the  regular  system 
and,  since  all  cubes  are  alike,  necessarily  show  absolutely  identical 
angles.  In  addition  to  this,  bowever,  they  crystallize  together  from 
a  solution  containing  both  salts.  Other  p«rs  from  amongst  sub- 
stances belonging  to  the  regular  system  would  not  do  this.  These  two 
salts  are  therefore  isomorphous.  Substances  which  thus  form  mixed 
crystals- have. approximately  equal  molecular  volumes. 

In  the  course  of  our  study  of  the  compounds  of  the  metals  we 
shall  have  occasion  to  note  many  examples  of  isomorphism.  Thus  the 
heptahydrates  of  the  sulphates  of  many  of  the  tavaient  metals, 
Buch  as  ZnS04,7H,0,  NiSO,,7HsO,  MgS0,,7H,0,  etc.,  belong  to  the 

*  In  genera],  two  substances  which  &re  absolutely  unrelated  may  be  depodted 
simultaneoualy  from  mixed  aqueous  solutions,  but  eome  of  the  crystals  are  pur* 
epedmena  of  one  subetanoe,  and  the  rest  are  pure  q>ecimnu  of  Ute  other. 
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rhombic  system,  and  fonn  an  isomorphous  set  of  substances  known 
as  the  vitriols  {q.v.). 

The  alums  [q.v.)  also  constitute  an  important  set,  and  crystallize, 
separately  and  tc^ether,  in  the  regular  system.  Amongst  minerals, 
lead  sulphide  PbS  and  silver  sulphide  AgjS  form  a  common  isomor- 
phous pair,  and  nearly  all  natural  specimens  of  galena  (q.v.)  contain 
at  least  a  httle  silver  sulphide. 

The  chemical  significance  of  isomorphism  was  at  first  exaggerated. 
Thus  the  elements  magnesium  and  iron  are  not  especially  similar  in 
their  chemical  relations,  excepting  that  both  are  bivalent;  yet  they 
form  several  p^rs  of  compounds  which,  like  the  sulphates  (above), 
are  isomorphous.  Still,  in  practical  chemical  work  a  knowledge  of 
the  relations  of  a  substance  in  respect  to  isomorphism  is  indbpensable. 
It  enables  us  to  predict  the  probable  impurities  in  a  homt^eneous- 
looking  material,  for  non-isomorphous  substances  would  have  given  a 
heterogeneous  mixture  with  it.  It  assists  us  In  separating  and  puri- 
fying chemical  substances,  for  non-isomorphous  substances  can  be  sep- 
arated by  recrystallization  from  water  (p.  481),  or  by  washing  with 
water  or  some  other  solvent  (p.  484),  at  a  temperature  at  which  the 
solubilities  of  the  substances  are  different  (see  Potassium  nitrate). 
Isomorphous  substances,  however,  can  be  separated  only  by  conver- 
sion into  some  other  form  of  combination  in  which  the  property  is 
lacking.  Thus,  silver  sulphide  cannot  be  separated  from  lead  sulphide 
by  Pattinson's  process  (.q.v.),  and  so  the  mixed  metals,  to  the  separa- 
tion of  which  the  process  is  applicable,  must  first  be  secured  by 
reduction. 

Some  chemists  r^ard  isomorphous  mixtures  as  solid  solutions. 

Exerciser.  —  1.  Compare  the  electrical  conductivities  of  normal 
sodium  hydroxide  and  normal  acetic  acid  with  the  conductivity  of 
copper.  What  length  of  copper  wire  will  present  the  same  resistance 
as  1  cm.  of  each  of  these  solutions  when  the  cross-sections  are 
alike? 

2.  What  do  we  mean  by  saying  that  an  oxide  is  strongly  <s  feebly 
basic,  or  that  it  is  acidic  (p.  654)? 

3.  What  is  meant  by  the  same  terms  when  applied  to  an  hy- 
droxide? 

4.  Compare  the  molar  solubilities  at  18",  (a)  of  the  halides  of  ralver 
and  (6)  of  the  carbonates  and  (c)  oxalates  of  the  metals  of  the  alkaline 
earths,  noting  the  relation  between  solubility  and  atomic  weight. 

5.  What  are  the  molar  concentrations  of  chloride-ion  (qf.  p.  183)  in 
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saturated  solutions  of  «lver  chloride  and  lead  chloride  at  18°,  assum- 
ing complete  ionization  in  these  very  dilute  solutions? 

6.  How  does  the  behavior  of  compile  acids,  like  chloroplatinic 
acid  HiPtCU,  differ  from  that  of  add  s^tsT 

7.  Formulate  (p.  399)  (a)  the  hydrolysia  of  ammonium  ortho- 
sihcate  (made  by  mixing  solutions  of  ammonium  chloride  tmd  sodium 
orthosilicate) ;  (b)  the  hydrolysis  of  aluminium  carbonate,  made  by 
mixing  solutions  of  aluminium  sulphate  and  sodium  carbonate. 
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MITALIJG  KLEBIIHT8  OT  THE  ALEUDE8:    FOTUSmH  AUD 
AHHOMIDH 

Ths  Metals  of  th«  Alkalies.  —  The  metals  of  this  family  form 
an  homogeneous  group,  and  there  is  a  very  general  similarity  between 
the  properties  of  the  corresponding  compounds.  Some  of  the  physi- 
cal properties  of  the  elemente  themselves  can  best  be  shown  in  tabular 
form. 


X..W. 

Sr.  Oh. 

«.-P. 

B,-P. 

Lithium  Li     

Sodium  Na 

6.S4 
23.00 
39.10 
85.45 
lffi.81 

0.53 
0,97 
0.86 
1.53 

1.87 

186° 
95.6° 
62.6'' 
38.6° 
26.5° 

above  red  heat- 
742° 
720' 

Caesium  Ce 

270° 

It  will  be  seen  that  the  specific  gravities  of  the  elements  increase  with 
rising  atomic  wei^t,  wtdle  the  melting-points  and  boiling-points  fall 
(i^.  p.  462).  A  table  including  all  the  physical  properties,  both  of  the 
elements  and  their  compounds,  jvould  show  similar  characteristics  in  a 
general  way,  with  here  and  there  noticeable  irregularities  such  as  that 
shown  by  the  specific  gravity  <A  sodium.  For  example,  the  melting- 
points  of  the  hydroxides  are:  sodium  318.4°,  potassium  360.4°,  rubid- 
ium 301°,  caesium  272.3°.  Sodium  (m.-p.  95.6°)  and  potassium 
(m.-p.  62.5°)  give  together  an  alloy  which  is  liquid  at  room  tempera^ 
ture  (p.  644). 

The  Chemical  Relations  cf  the  Metallic  Elements  €tf  the 
Alkalies.  —  The  metals  which  are  chemically  most  active  are  in- 
cluded in  this  group,  and  the  activity  increases  with  riKng  atomic 
weight,  caesium  being  the  most  active  positive  element  of  all.  A 
freshly  cut  surface  of  any  of  these  metfJs  tarnishes  by  oxidation  as 
soon  as  it  is  exposed  to  the  air.  Indeed,  there  is  scarcely  time  to  see 
the  metallic  appearance  in  the  case  of  potassimn  and  the  metals  fol- 
lowing it.    All  of  these  metals  decompose  water  violently  (<^.  p.  115), 
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liberating  hydrogen.  The  hydroxides  which  are  foimed  by  this  action 
are  exceedingly  active  bases,  that  is  to  say,  they  give  a  relatively  lar^ 
concentration  of  hydroxide-ion  in  solutions  of  a  given  molecular  con- 
centration"  (p.  374).  Litbiiim  hydroxide  is  the  least  active.  In  the 
dry  form  these  hydroxides  are  not  decomposed  by  heating,  while  the 
hydroxidGs  of  all  other  metals  lose  water  more  or  lees  easily.  All 
these  metals  seem  to  combine  with  hydrt^^,  lithium  giving  the  most 
stable  compomid.  The  hydrides,  however,  unUke  those  <rf  many  of 
the  non-metals,  are  not  ionogens,  and  consequently  do  not  ff.ve  acids 
when  dissolved  in  water.  In  all  their  compounds  the  metals  of  the 
alkalies  are  univalent. 

The  family  may  be  subdivided  into  two  minor  groupB,  The  com- 
pounds of  potassium,  rubidium,  and  caesium  resemble  one  aDOther 
closely,  while  those  of  sodium  and  hthium  are  sometimes  largely  diver- 
gent in  physical  properties.  Thus,  the  chlorides  of  the  potas^um  set, 
not  only  crystallize  in  cubes,  but  can  form  mixed  crystals  with  one 
another  in  all  proportions.  They  are  isomorphous  {cf.  p.  658).  Tie 
same  is  true  of  the  bromides  and  of  the  iodides.  Sodium  chloride, 
although  crystallizing  in  cubes  likewise,  does  not  form  mixed  crystals 
with  the  chlorides  of  the  potassium  set.  In  the  case  of  litjiium, 
the  hydroxide  is  not  nearly  so  soluble  as  are  the  hydroxides  <rf  the 
other  metals,  and  the  metal  gives  also  an  insoluble  carbonate  and 
phosphate,  in  which  respect  it  resembles  magnesium  and  differs  from 
all  the  other  members  of  the  present  group. 

The  compounds  of  ammonium  will  be  discussed  in  connection  with 
those  of  potassium,  to  which  they  present  the  greatest  resemblance. 

The  solubilities  are  often  decisive  factors  in  connection  with  the 
preparation  and  use  of  Salts.  The  reader  will  hnd  most  of  these  in  the 
Table  inside  the  front  cover,  or  in  the  diagram  on  p.  191,  and,  aa  a 
rule,  the  values  will  not  be  repeated  in  the  descriptive  paragraphs. 

PoTAflsroM  K 

Occurrence.  —  Silicates  containii^  potaamum,  such  as  felspar 
and  mica  (p.  636),  are  constant  constituents  of  volcanic  rocks,  and 
from  the  weathering  of  these  rocks,  and  of  the  detritus  formed  bora 
them  which  constitutes  a  large  part  of  the  soil,  the  potasdum  used  by 
plants  is  obtained.  These  minerals  are  not  used  commercially  as 
sources  of  potassium  compounds.  The  salt  deposits  {see  below)  con- 
tain potassium  chloride,  alone  (sylvite)  and  in  combination  with  other 
salts,  and  most  of  the  compounds  of  potassium  are  manufactured 
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from  tius  material.  Part  of  our  potassiuin  nitrate,  however,  is  puri- 
fied Bengal  saltpeter  (p.  525).  Potasaium  sulphate  OCGUra  alao  in  the 
salt  layers,  and  is  used  directly  as  a  fertilizer. 

Preparation,  —  Potassiuin  was  first  made  by  Davy  (1807)  by 
brinfpng  the  wires  from  &  battery  in.  contact  with  a  piece  of  moist 
potasmum  hydroxide.  Globules  (A  the  metal  appeared  at  the  n^ative 
wire.  This  process  has  again  come  into  use,  commercially,  molten 
potassium  chloride  being  the  substance  decomposed.  The  process 
which,  during  the  intervening  years,  furnished  potasaum,  was  the 
heating  of  potassium  carbonate  with  finely  divided  carbon  in  small 
retorts: 

K^O,  +  2C -*  2K  +  3C0. 

The  vapor  of  Uie  metal  tends  to  combine  with  the  carbon  mononde, 
forming  an  explouve  compound  KtCtOn,  and  the  yield  is  thus  reduced. 

Phygical  Properties.  ~  Potassium  is  a  silver-white  metal  which 
melts  at  62.6°.  It  boib  at  720°,  giving  a  greenish  vapor.  The  metal 
and  its  compounds  confer  a  violet  tint  upon  the  Bunsen  flame,  and  t^ 
spectrum  (ff.v.)  shows  characteristic  lines. 

Chewnical  Properties.  —  The  density  of  the  vapor  shows  the 
molecular  weight  of  potassium,  to  be  about  40,  so  that  the  vapor  is  a 
monatomic  gas.  The  element  unites  violently  with  the  halogens, 
sulphur,  and  oxygen.  In  consequence  of  the  latter  fact  it  is  usually 
kept  under  petroleum,  an  oil  which  neither  contains  oxygen  itself, 
nor  dissolves  a  sufficient  amount  of  moisture  from  the  air  (cf.  p.  87) 
to  p^mit  much  oxidation  of  the  potassium  to  take  place. 

The  Hydride  KB.  —  When  hydrogen  b  passed  over  potasaum 
heated  to  360°,  a  hydride  is  formed.  By  wa^iing  the  solid  product 
with  hquefied,  dry  ammonia  the  excess  of  potasraum  is  removed  and 
white  crystals  remain.  These  have  the  composition  KH.  On  ac- 
count of  the  ease  with  which  it  decomposes,  the  substance  behaves 
much  Uke  potassium  itself.  When  thrown  into  water,  for  esamplCj 
it  gives  potassium  hydroxide,  and  the  hydrogen  is  liberated  (qf.  p.  703). 

Potosmum  Chloride  KCl.  —  Sea-water  and  the  waters  of  salt 
lakes  contain  a  relatively  small  proportion  of  potassium  compounds. 
During  the  evaporation  of  such  waters,  however,  ijie  potasaum  com^ 
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pounds  tend  to  accumulate  in  the  mother-liquor  vhSa  sodium  chloride 
is  being  deposited.  Thus,  when  the  Salt  lake  in  Utah  shall  have 
finally  dried  up,  the  upper  (last  to  be  formed)  part  of  the  bed  of  salts 
which  it  will  leave  behind  will  contain  layers  rich  in  compounds  of 
potasraiun.  This  condition  is  realized  in  geological  deposits  which 
have  been  formed  in  the  same  way.  Thus,  at  Stassfurt,  near  Magde- 
burg, there  is  a  thickness  of  more  than  a  thousand  meters  of  common 
salt,  more  or  less  mixed  with  and  intersected  by  layers  of  sedimentary 
deposits.  Above  this,  and  therefore  deposited  last,  are  25-30  metera 
of  salt  layers  in  which  the  potassium  salts  are  cbieSy  found,  while  over 
bH  are  several  hundred  meters  of  sandstone.  Formerly  the  upper 
layers  were  simply  stripped  o£F  and  rejected.  Now,  however,  the 
revenue  obtained  from  the  products  of  these  layers  is  many  times 
greater  than  that  coming  from  the  rock  salt  below. 

The  forms  in  which  the  potassium  chloride  is  found  in  the  salt 
beds  are  sylvite  KCl  and  camallite  KCl,MgCl,,6HsO.  The  latter  is 
heated  wiiji  a  amaU  amount  of  water,  or  with  a  mother-Uquor  obtained 
from  a  previous  operation  and  cont^ning  sodium  and  magnefflum 
chlorides.  The  magnesium  sulphate  which  it  cont^ns  as  an  impurity 
remains  undissolved.  From  ttw  clear  liquid,  when  it  cools,  potasuum 
chloride  is  deposited  Bret  and  then  carnatlite.  The  fonQer  is  taken 
out  and  purified,  and  the  latter  goes  throi^h  the  process  ag^n.  This 
potassium  chloride  is  the  source  from  which  most  of  our  potasaum 
hydroxide  and  potassium  carbonate,  aa  well  as  salts  of  minor  commer- 
cial importance,  are  made.  It  is  a  white  substance  crystallizing  in 
cubes,  melting  at  about  750°,  and  slightly  volatile  at  high  tempera^ 
tures. 

Recently,  the  giant  kelps  of  the  Pacific  coast  have  been  used  as 
a  source  of  jMtassium  chloride.  The  dried  seaweed  coataius  9  per 
cent  of  this  salt  and  about  0.1  per  cent  of  iodine. 

Potasgium  Iodide  KI.  —  When  iodine  is  heated  in  a  solution  (rf 
potassium  hydroxide,  the  iodate  and  iodide  are  both  formed  (p.  487) : 
6K0H  +  3Ij  ^  SKI  +  KIO,  +  3H,0. 

The  dry  reddue  from  evaporation  is  heated  with  powdered  carbon  to 
reduce  the  iodate,  and  all  the  iodide  can  then  be  purified  by  recrystal- 
lization.  Another  method  of  preparation  consists  in  rubbing  t<^ther 
iodine  and  iron  filings  under  water.  The  soluble  ferrous  iodide  Felj 
thus  formed  is  then  treated  with  additi9nal  iodine  and  gives  a  sub- 
stance Fejg,  intermediate  in  composition  between  ferrous  and  ferrio 
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iodides.    This  is  also  soluble.    When  potassium  carbonate  is  added 
to  the  solution,  a  hydrated  magnetic  oxide  of  iron  is  precipitated,  car- 
bon dioxide  escapes,  and  evaporation  i^ves  potassium  iodide: 
FeJs  +  4K,C0a  +  4H!0-»  8KI  +  Fe,(0H)8  +  4C0,. 

The  salt  forma  large,  somewhat  opaque  cubes  (m.-p.  623°).  It  is 
used  in  medicine  and  for  precipitating  mlver  iodide  Agl  in  photog- 
raphy. In  the  laboratory  it  is  used  whenever  an  iodide  is  required, 
for  example,  when  experiments  with  iodide-ion  are  to  be  made. 

The  aqueous  solution  takes  up  free  iodine,  forming  KIj,  in  equi- 
librium with  dissolved  iodine:  I,~  Ft  I"  +  Is  (dslvd).  The  mixture 
is  used  in  testing  for  starch,  and  in  reactions  in  which  a  solution  al  free 
iodine  is  requu*ed. 

The  Bromide  and  Ftuttrides,  —  Potasdum  bromide  KBr  may  be 
made  in  either  of  the  w&yi  used  for  the  iodide.    It  crystallizes  in  . 
cubes.     It  is  used  in  medicine  and  for  precipitating  silver  bromide  in 
u^^ng  photographic  plates  (q.v.).     In  the  laboratory  it  is  always 
employed  when  a  bromide  is  needed  as  a  source  of  bromide-ion. 

The  flooride  of  potassium  K^Ft  may  be  obtained  by  treating  the 
carbonate  or  hydroxide  with  hydrofluoric  acid.  It  is  a  deliquescent, 
white  salt.  When  treated  with  an  equi-molecular  quantity  of  hydro- 
fluoric acid  it  forms  potassium-hydrogen  fluoride  KHFi,  a  white  salt 
which  is  also  very  soluble.  This  acid  salt  is  used  in  the  preparation 
oS  pure  hydrofluoric  acid,  snce  the  latter  is  liberated  from  it  as  a  vapor 
at  a  high  temperature. 

Potassium  chloride  is  the  least  soluble  of  the  halidea  of  potassium, 
the  bromide,  fluoride,  and  iodide  coming  next  in  that  order.  The 
position  of  the  fluoride  aa  the  third  in  order,  when  we  should  expect 
it  to  be  the  least  soluble  (p.  284),  shows  that  this  compound  is  some- 
what exceptional.  It  is  also  slightly  hydrolyzed  by  water,  as  if  it  were 
a  salt  of  a  diba^c  acid  (cf.  p.  439).  These  facts,  together  with  the 
existence  of  the  acid  fluoride,  lead  us  to  assign  to  it  the  formula  K^Fi. 
Other  acid  fluorides  of  the  formula  KHiFa  and  KHjFt  have  likewise 
been  made.  Since  potassium,  hydrogen,  and  fluorine  are  always  uni- 
valent, and  no  ordinary  valence  is  thus  available  for  holding  together 
grouirings  more  complex  than  KF  and  HF,  we  may  regard  all  these 
four  fluorides  of  potassium  as  molecular  compounds  (p.  530). 

Potagaium  Hydroxide  KOH.  —  This  compound,  known  also  as 
caustic  potash  and  colloquially  as  potassium  hydrate  (p.  150),  was 
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formerly  made  eotirely  by  boilii^  potassium  carbonate  with  cal- 
cium hydroxide  suspended  in  water  (milk  of  lime) : 

The  operation  is  conducted  in  iron  vessels,  because  porcelfUD,  being 
composed  of  nlicates,  interacts  with  solutions  of  bases.  The  action  is, 
in  theory,  precisely  similar  to  that  of  sulphuric  acdd  upon  barium  diox- 
ide ((^.  p.  317).  The  potassium  carbonate  corresponds  to  the  acid, 
bdng  completely  dissolved  from  the  banning,  and  the  calcium  hy- 
droxide to  the  dioxide,  since  its  relative  insolubility  (0.17  g.  in  100  g, 
Aq)  enables  the  water  to  take  up  fresh  portions  into  solution  only 
when  the  part  dissolved  has  (dready  undergone  chemical  change. 
The  calcium  carbonate  which  is  precipitated  is  still  more  insoluble 
(0.0013  g.  in  100  g.  Aq)  than  the  hydroxide,  and  hence  the  action 
goes  forward.  The  action  aa  a  whole  is  reversible,  tor  a  reason  which 
will  be  expf^ned  later  (p.  700) ,  and  consequently  such  an  amount  trf 
water  is  employed  that  the  solution  at  no  time  contains  more  th^ 
about  ten  per  cent  of  potassium  bydronde  (sp.  gr.  1.1).  The  con- 
clusion of  the  action  is  recognized  when  a  clear  sample  of  the  liquid  no 
longer  effervesces  on  addition  of  a  dilute  acid,  and  is  ther^ore  free 
from  potasfflum  carbonate.  After  the  precipitate  has  settled,  the 
potas^um  hydroxide  is  obtained  by  evaporation  of  the  clear  liquid, 
K+  +  OH-  -» KOH. 

Potassium  hydroxide  is  now  manufactured  by  olMstrolrUe  jii  iinwiia 
When  a  solution  of  potassium  chloride  is  electrolysed,  chlorine  ia 
liberated  at  the  anode,  and  hydrogen  and  potassium  hydroxide  at  the 
cathode.  The  necessity  of  keeping  those  two  sets  of  products  apart, 
since  by  their  interaction  potas^um  hypochlorite  and  potasmum 
chloride  would  be  formed  (qf.  p.  475),  has  made  the  devising  of  suitable 
apparatus  extremely  dlQ^cult.  In  one  type  of  apparatus  a  partition 
of  asbestos  cloth  divides  the  cell  into  two  parts.  In  some  cases  this  is 
placed  vertically,  and  in  others  horizontally.  In  the  latter  case  the 
anode  is  on  the  upper  side  of  the  partition,  in  order  that  the  chlorine 
as  it  is  hberated  may  ascend  to  the  suriace  without  stirring  up  the 
liquid  or  having  occasion  to  pass  near  the  partition.  In  all  caaee  the 
anode  is  made  of  graphite,  ance  this  substance  is  lees  easily  attacked 
by  chlorine  than  ie  any  other,  and  the  cathode  is  made  of  iron,  a 
metal  which  best  re^sts  the  action  of  alkalies.  The  chlorine  ia  used 
for  making  bleaching  powder.  Pure  brine  flows  in  continuously  at 
one  point,  and  a  solution  of  the  hydroxide  containing  much  u 
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poeed  chloride  flows  out  at  another.  The  TovnMiul-BMksUnd, 
BriggSi  and  Du  Bols  cells  are  of  this  type. 

The  same  process  ia  applied  to  sodium  chloride.  In  both  cases, 
the  chlorine  is  compressed  in  iron  cyhnders  to  give  liquid  chlorine 
((^.  p.  221)  or  is  used  to  prepare  hypochlorites  such  as  bleaching  pow- 
der. The  hydrogen,  in  some  cases,  is  also  utilized.  It  should  be 
noted  that  in  the  electrolysis  of  solutions  of  potassium  chloride  or 
sodium  chloride,  potawlum  or  sodium  ii  not  Mt  Itm.  The  salts 
are  highly  ionized,  and  their  ions  carry  the  current  efficiently  by 
migration  between  the  electrodes.  But,  when  potassium-ion  reaches 
the  cathode,  there  ia  a  choice  between  dischai^ng  either  the  K+,  or 
the  H+  of  the  water.  The  latter  ia  much  more  easily  dischai^ed 
(see  Chap.  XXXVIII),  and  so  hrdrogon  Is  liboratwL  There  is  not 
nearly  so  much  hydrogen-ion  present  at  any  one  time  as  there  is 
potassium-ion,  but,  as  the  H+  ia  discharged  and  removed,  the  instan- 
taneous ionization  of  more  water  restores  the  supply. 

The  CMtner-lMliier  ^iparatus  (Fig.  140)  employs  a  different 
principle  very  ingeniously  for  the  separation  of  the  products.  The 
two  end  compartments  are  filled  with  brine  and  contdu  the  graphite 


anodes.  The  central  compartment  contains  potassium  (or  sodium) 
hydroxide  solution  and  the  iron  cathode.  The  positive  current  enters 
by  the  anodes,  and  the  chlorine  is  therefore  attracted  to  and  liberated 
upon  the  graphite:  2C1~  -f-  2©  — ►CljT-  After  rising  through  the 
liquid  it  is  collected  for  the  manufacture  of  liquefied  chlorine  or  of 
bleaching  powder.  The  ions  of  potassium  or  of  sodium,  f^  the  case 
may  be,  are  discharged  upon  a  layer  of  mercury  which  covers  the 
whole  floor  of  the  box,  and  the  free  metal  dissolves  in  the  mercury, 
forming  an  amalgam  (p.  644).  The  dilution  of  the  sodium  by  mer- 
cury permits  the  discharge  of  the  sodium-ion,  making  this  dischai^ 
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easier  than  that  of  hydrt^en-ion.  The  layer  of  mercury  extends  be- 
neath the  partitions,  and  a  slight  rocking  motion  given  to  the  ceil  by 
the  cam  causes  the  amalgam  to  flow  below  the  partition  into  the 
central  compartment.  Here  the  sodium  leaves  the  mercury  in  the 
form  of  sodium  ions  and  is  attracted  by  the  cathode.  Upon  this, 
hydrogen  from  the  water  (H*  +  OH"  ?:*  HjO)  is  discharged,  and  the 
residual  hydroxid&'ion,  together  with  the  metal-ion,  constitutes  potas- 
sium, or  sodium  hydroxide:  2K+  +  20H'"  +  2H+  +  20  -»  2K+  + 
20H~  +  Hi  t .  A  slow  influx  of  salt  solution  at  one  point  and  over- 
flow of  the  alkaline  solution  in  the  central  ceU  at  another,  is  main- 
tained. The  overflowing  liquid  contains  20  per  cent  of  alkali. 
Since  in  this  form  of  the  apparatus  there  is  no  undecomposed  chloride 
present  in  the  part  of  the  solution  which  contains  the  hydroxide, 
simple  evaporation  to  dryness  furnishes  the  solid  alkali.  The 
fljnount  of  mercury  required,  however,  involves  a  large  investment 
of  capital. 

Potassium  hydroxide  is  exceedingly  soluble  in  water,  and  conse- 
quently, instead  of  being  crystallized  from  solution,  the  molten  readue 
from  evaporation  is  cast  in  sticks.  When,  for  chemical  purposes,  the 
hydroxide  is  required  free  from  potassium  carbonate  and  other  impu- 
rities, it  is  dissolved  in  alcohol,  in  which  the  other  substances  are  not 
soluble.  Evaporation  of  this  solution  gives  pure  caustic  potash.  The 
hydroxide,  because  of  its  great  solubility  and  the  consequent  very  low 
vapor  tenson  of  its  solution  (cf,  p.  197),  is  highly  dehquescent.  It 
alao.absorbs  carbon  dioxide  from  the  air,  giving  potassium  carbonate. 
This  salt  is  itself  dehquescent,  and  consequently  a  syrupy  solution  of 
the  carbonate  is  the  final  result  of  weathering.  Solutions  of  the 
hydroxide  have  an  exceedingly  corrosive  action  upon  the  flesh,  de- 
composing it  into  a  slimy  mass  by  hydrolyzing  the  proteins,  which  are 
easily  decomposed  into  organic  acids.  In  solution,  the  base  is  highly 
ionised,  furnishing  a  high  concentration  of  hydroxide-ion,  Ita 
aqueous  stdution  is  therefore  used  with  salts  of  other  metals  for  pre- 
cipitation of  less  soluble  bases. 

The  Oxides.  —  The  dmple  oxide  KiO  may  be  made  by  heating 
[wtassium  nitrate  or  nitrite  with  potas^um  in  a  vessel  from  which  sir 
is  excluded:  2KN0,  +  lOK -*  6KiO  +  Ni.  It  interacts  violently 
with  water,  giving  the  hydroxide.  When  exposed  to  the  air  it  unites 
spontaneously  with  oxygen,  and  a  yellow  peroxide  KtO,  is  formed. 

When  the  metal  bums  in  oxygen,  KjOi,  a  yellow  solid  is  the  prod- 
uct.    This  substance  interacts  violently  with  water,  giving  potasraum 
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hydronde,  and  the  excess  of  oxygen  is  liberated.  With  perfectly  dry 
oxygen,  potassium  does  not  unite,  even  when  it  is  heated  strongly. 

Potaaaium  Chlorate  KClOf  — ;  The  preparation  of  this  salt,  by 
interaction  of  potassiutn  chloride  with  calcium  chlorate,  has  already 
been  described  (p.  481).  It  is  also  made  by  electrolysis  of  pota^raum 
chloride  solution,  the  potftsaum  hydroxide  and  chlorine  which  are 
liberated  being  precisely  the  materials  required.  All  that  is  necessary 
is  to  use  a  warm,  concentrated  solution  and  to  provide  for  the  mi:dng 
of  the  materials  generated  at  the  electrodes.  The  eait  cryatallusee  but 
when  the  solution  cools. 

Potassium  chlorate  crystallizes  in  monoclinic  plates.  It  melts  at 
about  351°,  and  at  a  temperature  sUghUy  above  this  the  visible  libera- 
tion of  oxygen  begins.  Since  heat  Is  ^ven  out  by  the  decomposition, 
the  action  may  be  almost  explomve  if  large  amounts  of  the  material 
are  employed.  On  account  of  the  ease  with  which  its  oxygen  is 
liberated,  the  salt  is  employed  in  making  fireworks  and  as  a  compo- 
nent, along  with  antimony  trisulphide,  of  the  heads  of  Swedish 
matches.  With  acids  it  is  used  as  an  oxidizing  agent  on  account  of 
the  chloric  acid  which  is  set  free  (p.  480).  It  is  also  employed  in 
medicine  as  a  gargle. 

Fotaatlum  parcbl<M«t«  KCIOi,  formed  by  the  heating  of  the  chlo- 
rate (p.  483),  gives  white  crystals  belonging  to  the  rhombic  system.; 
Compared  with  the  chlorate,  on  account  of  the  greater  difficulty 
in  hberating  its  oxygen  by  heat,  it  finds  little  practical  application. 

By  adding  chlorine-water  to  potassium  carbonate  solution,  a 
niixture  of  the  chloride  and  potauiuni  brpochloiito  is  formed: 

HCl  +  HCIO  +  KiCOs  5=i  KCl  +  KCIO  +  H^  +  CO,. 

The  carbonic  acid,  however,  is  not  completely  displaced  by  the 
HCIO,  which  is  a  feeble  acid,  and  so  some  HCIO  remains.  Hence, 
the  solution  is  used,  under  the  name  eau  de  Jeuiel  (often  misspelt 
Javelle),  in  the  household  for  removing  stuns. 

The  Bromate  and  lodate.  —  These  are  the  most  familiar  salts 
of  theii  respective  acids.  The  mode  of  th^r  preparation  has  already 
been  described  (p.  487).  PotasMum  iodate  KIO»  may  be  made  also 
very  conveniently  by  melting  together  potassium  chlorate  and  potas- 
sium iodide  at  a  low  temperature.  The  iodate  is  much  less  soluble 
than  the  chloride,  and  the  mixture  may  be  separated  by  crystalliza- 
tion from  water. 

D,a,l,zt!dbvG00glc 
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Potaa&ium  Nitrate  KNOt.  —  The  fonnation  of  thia  salt  in 
nature  and  its  mode  of  extraction  and  purification  have  already  been 
described  (p.  525).  Thia  source  of  supply  proved  insufficient,  for 
the  first  time,  during  the  Crimean  war  (1852-55),  Eind  a  method  of 
manufacture  from  Chile  saltpeter  (aodium  nitrate),  which  ia  a  much 
cheaper  substance,  was  introduced.  Sodium  nitrate  and  potasaum 
chloride  are  heated  with  very  Uttle  water,  and  the  sodium  chloride 
produced  by  the  action,  which  is  a  reversible  one,  is  by  far  the  least 
soluble  of  the  four  salts  (see  diagram,  p.  191).  On  the  other  hand, 
in  hot  water,  the  potassium  nitrat*  is  by  far  the  most  soluble.  Hence 
the  hot  liquid  drained  from  the  crystals  contains  the  required  salt, 
and  much  of  the  sodium  cWoride  is  in  the  form  of  a  precipitate.  If 
the  solubihty  curve  of  potaeaum  nitrate  (p.  191)  is  examined,  it  will 
be  seen  that  this  salt  is  but  slightly  soluble  in  cold  water,  and  hence 
most  of  it  is  deposited  when  the  solution  cools.  The  crystals  are 
mixed  with  little  sodium  chloride,  for,  as  the  curve  shows,  common 
sfilt  is  little  less  soluble  at  10°  than  it  is  at  100°. 

Potasdum  nitrate  gives  long  prisms  belon^ng  to  the  rhombic  sys- 
tem (Fig.  7 1 ,  p.  173) .  It  melffi  at  about  339°,  and  when  more  strongly 
heated  gives  off  oxygen,  leavii^  potassium  nitrite  KNO»  (p.  537).  ' 
Although  it  does  not  form  a  hydrate,  the  crystals  enclose  small  por- 
tions of  the  mother-liquor,  and  consequently  contain  both  water  and 
impurities.  When  heated,  the  crystals  fly  to  pieces  exploavely 
(deer«irftata),  on  account  of  the  vaporization  of  this  water.  Many 
substances  which  form  large  crystals,  and  do  not  melt  when  wanned, 
behave  in  the  same  way  and  for  the  same  reason.  In  consequence  of 
this,  the  purest  salt  is  made  by  violent  stirring  of  the  solution  during 
the  operation  of  crystallization,  the  result  being  the  formation  of  a 
crystal-meal. 

Potassium  nitrate  is  used  chiefly  in  the  manufacture  of  gunp«nrd«r, 
which  contains  75  per  cent  of  the  highly  purified  salt.  The  other  com- 
ponents are  10  per  cent  of  sulphur,  14  per  cent  of  charcoal,  and  about 
1  per  cent  of  water.  The  ingredients  are  intimately  mixed  in  the 
form  of  paste,  and  the  material  when  dry  is  broken  up  and  sifted, 
grains  of  different  sizes  being  used  for  different  purposes.  The  chemi- 
cal action  which  takes  place  when  gunpowder  is  fired  in  an  open  space 
probably  results  chiefly  in  the  formation  of  potassium  sulphide,  car- 
bon dioxide,  and  nitrogen: 

2KN0i  +  30  +  S  -» KsS  +  3C0»  +  Nj. 
The  explomon  occurring  in  firearms  follows  a  much  more  complex 
_     t'.oosic 
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course,  and  hail  of  the  solid  product  is  said  to  be  potasEQum  carbonate 
(a  solid,  hence  the  smoke) .  One  gram  yields  264  c.c.  of  gases  (0°  and 
760  mm.),  and  a  much  larger  volume  at  the  temperature  of  the  ex- 
plosion, and  ^ve^  660  calories.  The  pressure,  at  the  temperature  of 
the  explonon,  if  the  gases  could  be  confined  within  the  volume  ori^< 
nally  occupied  by  the  gunpowder,  would  reach  about  forty-four  tons 
per  square  inch.  In  recent  years  common  gunpowder  has  been  dis- 
placed largely  by  Bmolwleu  powder  (pp.  528,  541),  which,  in  decom- 
posing, produces  no  solids. 

Potaasium  nitrate  is  used  also  in  preserving  bam  and  corned 
beef,  on  which  it  confers  a  red  color. 

Paper  saturated  with  potasi^um  nitrate  solution  and  dried,  is 
known  as  touch-pHMr.  The  salt  interferes  with  the  access  of  air  to 
the  cellulose,  and  the  oxygen  for  the  combustion  is  obtuned  from  the 
nitrate.  The  product  consequently  does  not  blaze,  yet  cannot  be 
blown  out. 

PotoMium  Carbonate  KiCO).  —  Tliis  salt  ia  manufactured 
from  potasoum  chloride,  which  is  heated  with  m^neeium  carbonate 
(magnesite),  water,  and  carbon  dicndde  under  pressure: 

2Ka  +  3MgCa  +  CO,  +  5H^  -» 2KHMg(CO,)s,4HiOi  +  MgCU. 

The  hydrated  mixed  salt  is  separated  from  the  liquid  contaimng 
magnesium  chloride  and  decomposed  by  heating  with  water  at  120°. 
The  product  is  a  solution  of  potasaum  carbonate,  from  which  the 
precipitated  magnesium  carbonate  is  removed  by  filtration  and  used 
again.  A  certain  amount  is  also  obtuiied  from  the  fatty  materia 
known  as  suint,  which  forms  about  50  per  cent  of  the  weight  of  sheep's 
wool.  The  suint  is  separated  from  the  latter  by  washing.  When 
this  material,  which  contains  the  potassium  salt  of  sudoric  acid  in 
large  proportions,  is  calcined,  potassium  carbonate  remmns,  and  is 
extracted  from  the  ash  with  water.  Some  plants,  like  the  sugar-beet, 
take  up  exceptional  quantities  of  potassium  salts  from  the  soil.  The 
molasses  remaining  from  the  crystaUization  of  beet-sugar  (p.  606) 
is  mixed  with  yeast  and  fermented.  After  the  alcohol  has  been  dis- 
tilled off,  the  liquid,  containing  organic  salts  of  potas^um  in  solution, 
is  evaporated,  and  the  residue  is  ignited.  In  some  tUstricts  potaadum 
carbonate  is  still  extracted  from  wood-ashes,  its  original  source  and 
the  ori^  of  its  name,  potMh. 

This  salt  is  usually  Bold  in  the  form  of  an  anhydrous  powder  (m.-p. 
over  1000°).    When  crystallized  from  water  it  ffvta  a  hydrate  2I^C0k. 
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3H]0.  It  is  extremely  deliquescent.  Its  aqueous  aolution  has  an 
alkAUne  reaction.  The  hydrolysis  of  the  salt  by  the  water  is  exactly 
analogous  to  that  of  sodium  sulphide  (p.  418),  although  much  slitter. 
The  more  elaborate  scheme  given  in  that  connection  may  be  put  in 
simpler  form  to  show  that  the  action  consists  essentially  in  the  for- 
mation of  the  ion  HCX)»~,  by  union  of  the  ion  C0»=  with  the  H*  of  the 
water.  This  takes  piace  because  the  ionization  of  the  HCOi"  ion  is 
snail  enough  to  be  commensurable  with  that  of  water  itself:  COi=  + 
H+  4-  OH'  -» HCOi"  +  OH".  The  commercial  name  of  the  sub- 
stance is  poarl  ash.  It  is  used  in  making  soft  soap  and  hard  (in- 
fusible) glass.  It  is  also  employed,  by  interaction  with  adds,  in 
making  salts  of  potassium. 

The  use  of  the  bieartwnato  KHCO»  in  purifying  carbon  dioxide 
has  ah-eady  been  mentioned  (p.  573).  Before  the  nineteenth  century, 
this  salt  was  used  under  tl^  name  MlvatuB  (Lat.  aeraied  tali),  a 
name  now  sometimes  ipven  to  the  baking  soda  NaHCOi  which  has 
displaced  it. 

When  a  concentrated  solution  of  the  seilt  is  electrolyzed  in  such  a 
way  that  the  anode,  towards  which  the  KCOa"  ions  travel,  consists  of 
a  thin  platinum  wire,  the  crowding  together  of  the  discharged  ma- 
terial results  in  the  formation  of  the  pen»rbonat«  ((^.  p.  449) : 
2KCO,"  +  2©-»KtCOB. 

Tlie  operation  must  be  conducted  between  — 15°  and  0°.  When  the 
solution  in  the  porous  cell  surrounding  the  anode  is  evapcH^ted,  the 
product  is  obtained'as  an  amorphous  bluish-white  powder.  The  sub- 
stance hberates  oxygen  when  heated,  and  in  other  respects  behaves 
like  the  persulphates.  When  it  is  treated  with  a  dilute  acid,  a  solu- 
tion containing  hydn^n  peroxide  is  formed.  The  compound  is 
therefore  a  mixed  anhydride  (p.  449)  of  hydrogen  peroxide  and  potaa- 
aum  bicarbonate. 

PoUwaium  Cyanide.  —  Formeriy  this  compound  was  made  by 
heating  potassium  carbonate  with  nitrogenous  animal  matter.  So 
many  other  substances  were  formed  at  the  same  time,  however,  that 
the  required  product,  which  is  very  soluble,  was  difficult  to  isolate  in 
a  state  of  purity.  It  is  now  made  by  beating  together  potassium 
ferrocyanide  (q.v.)  with  sodium:  K,Fe(CN)«  +  2Na -♦  4KNC  + 
2NaNC  +  Fe,  which  gives  a  mixture  of  both  cyanides.  When  the 
residue  is  extracted  with  water,  only  the  cyanides  dissolve,  and  are 
easily  crystalhzed  in  pure  form  from  the  solution.     Very  interesting 
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ii  the  formation  of  potassium  cyauide  in  the  blast  furnace  {q.v.). 
Carbon  and  nitrogen  unite  at  a  very  high  temperature  to  form 
cyanogen  (p.  625),  which  is  an  endothermal  compound  (van't  HofE's 
law,  p.  305),  and  a  sufficient  amount  of  potassium  is  found  in  the 
materials  to  complete  the  production  of  the  salt. 

Potassium  cyanide  cryst^zes  in  cubes.  It  is  extremely  soluble 
in  water,  and  is  therefore  deliquescent.  Its  poisonous  t(ualities  are 
equal  to  those  of  hydrocyanic  acid.  The  acid  is  so  feeble  as  to  be 
liberated  even  by  the  carbon  dioxide  of  the  lai,  and  hence  this  salt 
always  has  a  distinct  odor  of  hydrocyanic  acid.  Potasmum  cyanide 
has  a  great  tendency  to  form  complex  compounds  with  cyanides  of 
other  metals  {<f.  p.  649).  Complex  compounds  of  this  kind  were  used 
in  the  galvanic  depo^tion  of  ^ver  and  gold  in  commercial  electro- 
plating, and  were  formed  when  the  cyanide  was  used  in  extracting 
gold  {q.v.)  from  its  ores.  For  these  purposes,  sodium  cyanide,  which 
is  now  much  cheaper,  has  entirely  displaced  the  potasnum  salt.  The 
tendency  to  form  complex  compounds  is  doubtless  connected  with 
the  fact  that  the  cyanides  are  unsaturated  compounds  in  which  the 
carbon  has  two  free  valences:  K  —  N  =  C  (p.  626). 

PotMilnni  cyuiate  KNCO  is  made  by  heating  potassium  cyanide 
in  the  air,  or,  still  better,  with  some  easily  decomposed  oside  (p.  626). 
It  is  a  white,  easily  soluble,  crystalline  salt. 

PotMiium  tblooranato  KNCS  may  be  obtained  by  melting  potas- 
sium cyanide  with  sulphur  {cf.  p.  626).  It  U  a  white,  deliquescent 
salt  which  finds  some  applications  in  chemical  analyms. 

The  Sulphate  and  Bisulphate.  —  The  sulphate  of  potas^um 
is  a  constituent  of  several  double  salts  found  in  the  Stassfurt  deposits. 
It  is  extracted  from  aelioanit«  MgS04,K^04,6HjO  and  ksiuite  MgSOt,- 
MgClj,K^04,6H^.  The  former  is  treated  with  potassimu  chloride 
and  comparatively  little  water,  whereupon  the  relatively  insoluble 
potassium  sulphate  crystallizes  out,  and  the  magnesium  chloride 
remains  in  the  mother-liquor.  The  crystals  belong  to  the  rhombic 
system,  contain  no  wat«r  of  crystallization,  and  melt  at  1066°.  This 
sfdt  is  employed  in  making  potasfflum  carbonate  by  the  Le  Blanc 
process  and  in  preparing  alum  (q.v.).  It  is  also  mu<di  used  as  a  f«> 
tdUwr.  Since  plants  take  up  solutions  through  their  cell  walls,  they 
can  absorb  soluble  compounds  only.  They  are,  therefore,  dependent, 
for  the  potasaum  compounds  which  they  require,  upon  the  weathering 
out  of  soluble  potassium  compounds  &om  the  insoluble  potassium 
silicates  cont^ned  in  the  soil.    The  weathering  takes  place  too  slowly 
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to  fumisli  a  sufficient  supply  for  many  crops,  particularly  that  of  the 
augar-beet.  Hence  potaaaium  sulphate  ia  mixeid  directly  with  the  soil. 
The  mineral  kainite  itself  is  used  for  the  same  purpose. 

Potanlum-hjdTOtwn  Bulphats  (bisulphate)  KHSO*  is  made  by 
the  action  of  sulphuric  acid  upon  potassium  sulphate:  K1SO4  + 
HiSO*  — » 2KHSO4.  It  crystallizes  from  water,  in  which  it  is  very 
soluble,  in  tabular  crystals.  When  heated  to  about  200°  it  melts,  and 
the  elements  of  water  are  eliminated,  the  i^Toaulphats  renuuning: 
2KHSO4  -» HjO  +  KjSjOi.  The  latter,  when  still  further  heated, 
yields  sulphur  trioxide  and  potassium  sulphate.  The  bisulphate  is 
used  in  analysis  for  the  purpose  of  interacting  with  oxides  and  dlicates 
and  converting  them  into  sulphates.  The  substance  is  more  efficient 
than  sulphuric  acid  for  this  purpose,  because  the  latter  cannot  be 
heated  above  330°,  while  the  hberation  of  the  active  sulphur  trioxide 
from  this  salt  takes  place  at  a  bright-red  heat.  The  aqueous  solu* 
tion  of  the  bisulphate  is  strongly  acid  on  account  of  the  considerable 
iomsation  of  the  hydrosulphate-ion. 

Sulphides  qf  Potasnum,  —  By  the  treatment  of  a  solution  of 
potassium  hydroxide  with  excess  of  hydrogen  sulphide,  a  solution  of 
potiirium-bydrogwi  ralpldd*  is  obtained.  Evaporation  of  the  solu- 
tion gives  a  deUquescent  sohd  hydrate  2EHS,HiO.  When  the  solu- 
tion, b^ore  evaporation,  is  treated  with  an  equivalent  amount  of 
potassium  hydroxide,  and  the  water  is  driven  off,  the  lulpbU*  £^ 
remuns  behind  (qf.  p.  418) : 

KHS  +  KOHf±K^  +  H,0  t- 

With  proper  care,  the  very  soluble  hydrate  KiS,5HsO  may  be  ob- 
tained. Considerable  amounts  of  sulphur  can  be  dissolved  in  solu- 
tions of  ^ther  of  these  sulphides.  By  evaporation  of  the  resulting 
yellow  liquids,  various  polrmlpbideB  have  been  obtained.  To  some 
of  these  have  been  ascribed  the  formulse  TiSt,  KSj,  T^St,  'KSt,  and 
K]St,  but  they  are  probably  KjSs  (which  has  been  isolated),  or  mix- 
tures of  the  pentasulpbide  with  KiS.  Similar  substances  are  pro- 
duced, as  a  result  of  the  liberation  and  recombination  of  sulphur, 
when  the  solutions  are  exposed  to  the  oxidizii^  action  of  the  air: 

2KHS  -I-  0,  -» 2K0H  +  2S. 

In  most  respects  the  corresponding  compounds  of  potaamum  and 
sodium  are  dmilar  in  their  phydcal  properties  and  chemical  action. 
Since,  however,  the  latter  are  almc^t  uniformly  less  expensive,  they 
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find  much  wider  application.  In  a  few  Ge3es,  however,  the  potaesium 
salt  is  more  generally  used.  Thus,  potassium  chlorate  and  potassium 
iodide  are  much  less  soluble  than  the  corresponding  sodium  com- 
pounds, and  it  is  consequently  possible  in  each  of  these  two  cases  to 
separate  by  crystallization,  and  to  purify  the  potassium  salt  with 
greater  ease. 

Properties  of  Potassium-ion  K'*^:   Analytical  Reactions,  — 

The  positive  ionic  material  of  the  potasdum  salts  is  a  colorless  Bub- 
Btance.  It  unites  with  all  negative  ions,  and  most  of  the  resulting 
compounds  are  fairly  soluble.  For  its  rMognltlon  we  add  solutions 
cont£uning  those  ions  which  give  with  it  the  least  soluble  salts.  Thus, 
with  cbloroplatinic  acid  HiPtCU  it  gives  a  yellow  precipitate  of  potas- 
sium chloroplatinate  KjPtCls.  Since  nearly  one  part  of  this  salt 
dissolves  in  100  parts  of  water,  the  test  is  far  from  being  a  delicate  one. 
The  solubility  in  alcohol  is  much  smaller,  and  consequently  the  pre- 
cipitate may  frequently  be  obtained  from  a  dilute  solution  by  adding 
more  than  an  equal  volume  of  alcohol.  Picric  acid  (p.  527)  ^ves 
potasaum  picrste  KOCeHgCNOg)),  which  is  much  less  soluble  in  water 
(0.4  parts  in  100  at  15°).  Perchloric  acid  HCIO^  and  hydrofluo^cio 
acid  HiSiF«  likewise  give  somewhat  insoluble  salts  of  potassium. 
Potauiam-hrdjosen  tartrate  KHC4H4OB  is  precipitated  by  the  addi- 
tion of  tartaric  acid  to  a  sufficiently  concentrated  solution  of  a  potas- 
sium salt.  The  normal  tartrate  KiC^HtOs  is  much  more  soluble.  It 
may  be  obtained  by  treating  the  precipitate  with  a  solution  of  pota»- 
mum  hydroxide.  Addition  of  an  acid  to  this  solution  causes  reprecipi- 
tation  of  the  bitartrate. 

The  Spectroscope.  —  A  much  more  delicate  test  for  the  recog- 
nition of  a  potassium  compound  conmsts  in  the  examination  by  means 
of  the  spectroscope  of  the  light  given  out  by  a  Bunsen  flame,  in 
which  a  little  of  the  salt  is  held  upon  a  platinum  wire.  When  the 
amount  of  potassium  is  considerable,  and  no  other  substance  which 
would  likewise  color  the  flame  is  present  to  mask  the  effect,  the 
violet  tint  is  recognizable  by  the  eye.  In  general,  however,  the  light 
must  be  analyzed. 

White  light  is  composed  of  vibrations  of  every  wave-length  within 
a  .certain  range.  If  the  light  is  made  up  of  a  few  wave-lei^hs  only, 
it  appears  to  the  eye  to  be  colored.  Now,  when  a  narrow  bunt^e 
of  rays  of  white  hght,  coming  through  a  slit,  falls  upon  a  three-sided 
prism  standing  with  its  edges  parallel  to  the  slit,  the  rays  of  various 
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wave-lengths  are  retarded  to  different  extents  as  they  pass  through  the 
glass,  and  in  consequence  are  bent  from  their  paths  l^  varying 
amounts.  Fig.  141  shows  a  horizontal  section  through  the  dit  (S)  and 
prism,  in  which  the  width  of  the  slit  and  of  the  beam  of  li^t  are 
exaggerated.  The  light  emerging  at 
the  other  side  of  the  prism  consists, 
therefore,  of  a  series  of  images  of  the 
slit  arranged  side  by  side.  The  red 
light  is  least  refracted,  and  the  red 
images  of  the  slit,  therefore,  are  most 
nearly  in  the  same  straight  line  with 
the  ori^al  beam.  The  yellow,  green, 
blue,  and  violet  images  are  displaced 
y^^  ^^^  more  and  more  from  this  direction,  and 

the  resulting  colored  band  is  called  a 
The  whole  series  of  images  of  the  slit  may  be  received 
upon  a  screen,  or  directly  upon  an  eye  looking  towards  the  prism. 
Now,  when  the  hght  comes  from  the  vapor  of  potassium  heat^  in  a 
Bunsen  flame,  there  are  produced,  not  thousan(^  of  images  of  the  slit, 
representing  as  many  different  wave-tei^hs  of  light,  but  only  two 
images,  one  red,  and  one  deep  blue,  correspobding  to  the  two  wave- 
lengths which  are  alone  contained  in  the  orifpnal  light.  In  a  more 
powerful  instrument  other  fainter  lines  are  seen  also,  Natiu^y  the 
brightness  of  all  these  lines  is  together  equal  to  that  of  the  original 
beam.  No  other  substance  gives  any  of  those  particular  lines,  al- 
though many  others  give  blue  and  red  light  of  somewhat  different 
wave-lengths.  Thus,  strontium  compounds  give  a  blue  light  along 
with  several  red  tints,  but  when  strontium  and  potas^um  are  used 
together,  the  lines  are  found  not  to  be  comcident.  In  the  case  of 
strontium,  all  the  hnes  lie  nearer  to  the  yellow  than  in  that  of  potas- 
sium. Since  the  whole  light  of  the  compound  is  thus  concentrated 
in  one  or  two  narrow  strips,  easily  visible  ag^nst  a  dark  background, 
small  amounts  of  the  elements  give  effects  which  are  readily  recogniE- 
able  in  the  instrument.  This  remains  true  even  when,  to  the  eye,  the 
colors  are  completely  obscured  by  the  much  more  brilliant,  yellow 
%ht  which  compounds  of  sodium  produce.  In  the  spectrum  of 
sodium,  this  yellow  light  is  all  concentrated  into  two  yellow  lines 
which  lie  very  close  together. 

Helium  gives  many  lines,  but  one  orange  line  (D*),  in  particular, 
was  noted  in  the  spectrum  of  the  sun's  photosphere  many  years  before 
the  element  was  obtained  from  terrestrial  sources  by  Ramsay.    Wbea 

-■    C.ooylc 
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tbe  Bpectra  of  helium  Bud  other  gases  are  to  be  examined  in  the 
Laboratory,  a  little  of  the  material  is  enclosed  in  a  narrow,  exhausted 
tube,  through  which  an  electrical  disehai^  can  be  passed  between 
platinum  wires.  Under  this  treatment  helium  shows  its  conspicuous 
orange  line,  and  hydn^n  a  red  and  two  blue  ones.  In  this  apparatus 
compounds  are  dissociated  and  give  the  spectra  of  their  constituents. 
When  a  Bunsen  flame  is  used  with  the  salts*  of  metals,  however,  the 
temperature  is  not  high  enough  to  render  visible  the  spectra  of  the 
non-metals  contained  in  them.  Indeed,  even  of  the  metals  them- 
selves, only  the  members  of  the  alkah  and  alkaline-earth  groups  give 
distinct  results. 

Rubidium  and  CAEsnnt 

Soon  after  the  invention  of  the  spectroscope  by  Bunsen  and  IGrch- 
boff,  the  instruments  was  applied  to  the  examination  of  many  sub- 
stances. In  1860  Bunsen  discovered  several  new  lines  in  the  spectrum 
given  by  materials  derived  from  the  salts  in  DUrkheim  mineral  water. 
Two  new  elements  of  the  alkali  group  were  found  to  cause  their 
presence,  and  were  named,  from  the  colors  of  the  lines  which  they 
gave,  rubidium  (red)  and  caesium  (blue).  Both  elements  have  since 
been  found  in  small  quantities  in  various  minerals.  Rubidium  is 
obtainable  with  relative  ease  from  the  mother-liquors  of  the  Stassf urt 
works. 

The  metals  may  Y>e  obtained  by  heating  their  hydroxides  with 
magnesium  powder.  The  salts  of  these  two  elementfi  are,  in  crystal- 
line form  and  solubility,  very  much  hke  those  of  potassium.  In  some 
cases  the  difference  in  solubility  is  sufficient  to  make  separation  pos- 
sible. Thus,  a  mixture  containing  compounds  of  these  two  metals 
and  of  potassium  ^ves  with  chloroplatinic  acid  a  yellow  precipitate, 
consisting  of  the  three  insoluble  chloroplatinates.  The  solubilities  at 
10",  however,  are  as  follows:  Potassium  chloroplatinate  0.9,  rubidium 
chkiroplatinate  0.15,  caesium  chloroplatinate  0.05.  Hence,  when  the 
mixed  precipitates  are  carefully  washed  with  small  quantities  of  cold 
water  the  potasdum  chloroplatinate  can  be  almost  entirely  removed. 
Od  similar  iHinciples  the  two  other  metals  can  be  separated  from  one 
aiKitber.  The  iodides  of  all  three  elements  combine  with  iodine, 
^ving  tii-iodides  (cf.  p.  665),  of  which  the  tri-iodide  of  caesium  is  the 
most  stable.     The  extra  iodine  must  be  held  to  have  entered  into 

*  The  chlorides  are  preferred  because  of  their  volatihty.  The  salts  of  the  oxy- 
gen adds  are  disBociated,  and  leave  the  highly  in  volatile  oxides  (_e.g.,  pp.  430, 631). 
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combination  with  the  iodine  of  the  compound,  and  not  with  the  metal. 
In  the  parallel  case  of  hydriodic  acid,  the  union  with  extra  iodine  (p. 
279)  seems  to  show  conclusively  that  iodide-ion  can  combine  with 
iodine.  While  an  inclination  to  trivalence  in  one  of  the  metals  of  the 
alkahes  would  fumiBh  a  very  acceptable  link  between  the  two  ades 
of  the  first  column  in  the  periodic  table  (p.  466),  since  gold  is  a  trivo; 
lent  element,  no  such  tendency  has  been  proven. 

Ammonium 

The  compounds  of  ammonium  claim  a  place  with  those  of  the 
alkali  metals  because  in  aqueous  solution  they  give  anmionium-ion 
NH4+,  an  ion  which  in  its  behavior  closely  resembles  potassium-ion. 
Some  of  the  special  properties  peculiar  to  ammonium  compounds,  and 
particularly  the  properties  of  ammonium  hydroxide  NHjOH,  have 
been  discussed  in  detail  already  (pp.  519-521^  ' 

Ammoniuin  Chloride  NHtCl,  —  This  salt,  known  commer- 
cially as  sal  umncmlac,  like  all  the  other  compounds  of  ammonium,  is 
prepared  from  the  ammonia  dissolved  by  the  water  used  to  wash 
illuminating-gas  (p.  613).  It  is  purified  by  sublimation,  and  thea 
forms  a  compact  fibrous  mass.  It  crystallizes  from  solution  in  forms  of 
the  regular  system,  which  are  often  arranged  according  to  a  feathery 
pattern.  At  337.8°  its  vapor  exercises  one  atmosphere  pressure,  and 
is  dissociated  into  ammonia  and  hydrogen  chloride  to  the  extent  of  62 
per  cent  (p.  520). 

Ammonium  bromidv  NH4Br  and  ammonium  lodld«  NHJ  are 
white  salts  which  crystallize  in  the  regular  system,  and  are  iscHnor- 
phous  with  the  corresponding  potassium  salts.  They  are  dissociated 
by  beat,  but  the  degree  of  dissociation  of  the  bromide  diminishes  from 
320°  upwards  (p.  305)  and  the  vapor  of  the  iodide  contains  much 
CNHiI)^,  and  a  Uttle  NH,  +  HI. 

Ammonium  Hydroxide  NHtOH.  —  The  nature  and  behavior 
of  this  substance  have  been  fully  discussed  (p.  520).  It  may  be  re- 
marked here  that  its  very  small  basic  activity  as  compared  with  that 
of  potassium  hydroxide  is  only  in  part  due  to  the  low  degree  of  ion- 
ization of  its  molecules.  A  normal  solution  of  ammonia  contains 
much  free  NHj,  besides  the  NH,OH  produced  by  its  union  with  water. 
Measurement  shows  that  two-thirds  of  the  ammonia  is  not  actually 
in  the  form  of  a  base  and  is  not  in  directly  ionizable  condition  at  alL 
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There  are  other  indications  that  the  amount  of  uncombined  ammonia 
is  considerable.  Thus  the  oi^anic  derivative  tetruuethylanmioniufn 
hydroxide  N(CH))40H  is  a  very  active  base  indeed,  and  one  of  the 
moat  conspicuous  differences  between  it  and  ammonium  hydroxide 
is  that  it  cannot  decompose  into  water  and  a  non-ionizable  substance. 
It  is  all  avulable  for  ionization,  while  the  material  in  ammonisr-water 
is  not.  It  is  also  noteworthy  that  anmionium  chloride  solution  is 
practically  neutr-al,  and  not  acid,  as  the  solution  of  the  chloride  of  a 
very  weak  ba^e  would  be. 

Ammoniuin  Nitrate  NHi^Oi,  —  This  is  a  white  crystaUine 
salt  which  may  be  made  by  the  interaction  of  ammonium  hydroxide 
and  nitric  acid  ((^,  p.  395).  When  heated  gently  it  decomixiees, 
Ipviog  nitrous  oxide  and  water  (p.  539).  It  is  used  as  an  ingredient 
in  fireworks  and  explosivea.  It  existe  in  no  fewer  t^ian  four  solid 
physical  states.  The  melted  salt  solidifies  at  about  166°,  giving  crys- 
tals of  the  regular  system.  When  these  are  allowed  to  cool  somewhat, 
and  are  held  at  a  temperature  a  little  below  125.5°,  they  change 
gradually  into  a  mass  of  rhombohedral  crystals,  the  denmty  and  all 
other  physical  properties  altering  at  the  same  time.  This  tempera- 
ture is  a  transition  point  Uke  that  at  which  monocUnic  sulphur  assumes 
the  rhombic  form  (p.  412).  When  these  rhombohedral  crystals,  in 
turn,  are  hdd  at  a  temperature  a  Uttle  below  83°  they  chaJige  their 
form  once  more  into  crystals  which  belong  to  the  rhombic  Bystem  and 
possess  a  third  distinct  aet.of  physical  properties.  Finally,  below  35° 
a  fourth  change,  into  rhombic  needles,  takes  place,  and  this  condition 
of  the  substance  is  the  one  familiar  at  ordinary  temperatures.  Alt 
these  changes  proceed  in  the  reverse  order  when  the  temperature  is 
elevated  once  more. 

Ammonium,  Carbonate,  —  When  ammonium  hydroxide  is 
treated  with  excess  of  carbon  dioxide  the  solution  gives,  on  evapora- 
tioD,  ammonlmn  blcvbonatfl  NHJICOs.  This  is  a  white  crystalline 
salt  which  is  fairly  stable  at  the  ordinary  temperature.  It  has, 
however,  a  f^nt  odor  of  ammonia,  and  its  dissociation  becomes  very 
rapid  when  shght  heat  is  applied.  When  a  solution  of  this  salt  is 
treated  with  ammonium  hydroxide,  the  neutral  carbonate  is  formed : 
NHJICO,  +  NH4OH  ?±  (NH,)jCO,  +  H^. 

But  this  salt,  when  left  in  an  open  vessel,  loses  ammonia  very  rapidly, 
and  leaves  the  bicarbonate  behind. 
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The  substance  commonly  sold  ae  ammonium  carbonate  is  the  so- 
called  uMjulcarbonate,  and  is  made  by  sublimation  from  a  mixture  of 
ammonium  chloride  (or  ammonium  sulphate)  and  chalk  or  powdered 
limestone.  It  is  a  mixture,  in  approximately  equi-molEtr  proportions, 
of  ammonium  bicarbonate  and  ammonium  cui»uiut«.  The  latter  is 
a  substance  related  to  urea,  and  formed  when  ammonia  and  carbon 
dioxide  gases  are  mixed : 

,NH, 

Ammonium  oranata  is  interesting  on  account  of  its  rapid  trajis- 
formation,  when  warmed,  into  urea  (p.  583).  Amnumium  tliioiTaiiato 
NH4NCS  is  a  white  salt  which  finds  some  application  in  analyas. 

Ammontum  Sulphate.  —  This  is  a  white  salt,  crystallizing  in 
rhombic  prisma,  which  is  used  chiefly  as  a  fertilizer.  By  electrolysis 
of  a  concentrated  solution  of  the  bisulphate,  ammonium  penulphat«, 
which  is  less  soluble,  is  formed  and  crystallizes  out  {1^.  p.  449). 

Sulphidea  of  Ammonium,  —  When  gaseous  hydrogen  sulphide 
and  ammonia  are  mixed  in  equi-molar  proportions  and  compressed  or 
strongly  cooled,  umnonium-hTdroKen  sulpUd*  NH4HS  is  formed  as 
a  crystalline  deposit  on  the  vessel.  In  an  open  vessel,  at  the  ordinary 
temperature,  this  solid  dissociates  slowly  into  its  constituents.  The 
sulphU*,  (NH4)jS,  can  be  produced  under  similar  conditions  by  uang 
twice  as  much  ammonia.  But  it  is  much  less  stable  and  gives  up  half 
its  ammonia,  producing  the  acid  sulphide  very  quickly.  Solutions  of 
these  sulphides,  made  by  passing  hydrogen  sulphide  gas  into  ammo- 
nium hydroxide,  are  much  used  in  analysis.  The  sulphide  is  almost 
completely  hydrolyzed  by  water  into  the  acid  sulphide  and  ammonium 
hydroxide,  its  behavior  being  like  that  of  sodium  sulphide  (p.  418): 
2NH,  (dslvd)  +  H^  (dslvd)  ^  (NH*)^  t^  2NHi+  +  S=  >  ^x  ns- 

H,o±5  OH-  +  H+;    ""■ 

It  is  used  for  the  precipitation  of  sulphides,  such  as  einc  sulphide, 
which  are  msoluble  in  water.  Although  the  S~  ions  are  not  aumerous 
at  any  moment,  disturbance  of  the  equihbrium  by  their  removal,  when 
they  pass  into  combination,  causes  displacements  which  result  in  the 
generation  of  a  continuous  supply.  The  liquid  smells  strongly  of 
ammonia  and  hydrogen  sulphide  on  account  of  the  dissociation  of  the 
parent  molecules.     Because  of  this  dissociation,  the  salt  is  preferred 
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to  potassium  or  sodium  sulphide  in  analysis.  The  ^cess  of  the 
reagent  can  be  driven  out  by  simply  boiling  the  mixture  for  a  few 
minutes,  all  of  the  above  equilibria  being  reversed.  Another  applica- 
tion in  analysis  depends  on  the  tendency  of  this  salt  to  unite  with 
certain  inaoluble  sulphides,  particularly  those  of  tin,  arsenic,  and 
antimony  {q.v.),  fpvir^  soluble  complex  salts. 

The  solution  dissolves  free  sulphur,  ^Ving  yellow  polyiulphldM 
similar  to  those  of  potassium  (p.  674).  The  same  yellow  substances 
are  also  obtained  by  gradual  oxidation  of  ammonium  sulphide  when 
the  solution  of  this  salt  is  allowed  to  stand  in  a  bottle  from  which  the 
air  is  imperfectly  excluded, 

Micr€>coanuc  Salt.  —  This  salt  would  be  named,  systematically, 
the  tetrahydrate  of  secondary  sodium-ammonium  ortbophosphato 
NaNH*HPO«,4HjO.  When  ammonium  chloride  and  ordinary  so- 
dium phosphate  are  mixed  in  strong  solution  the  hydrate  crystai- 
Uzes  out.    The  substance  is  used  in  bead  tests  ((^.  pp.  559,  560). 

Antntonium  Amalgam,  —  When  a  salt  of  ammonium  is  de- 
composed by  electrolysis  the  NH*  ion,  upon  its  dischai^,  gives 
ammonia  and  hydrogen,  and  no  substance  NH4  is  obtained.  If,  how- 
ever, a  pool  of  mercury  is  used  as  the  negative  electrode,  the  NH* 
forms  an  amalgam  with  it,  and  there  seems  to  be  no  doubt  that  this 
substance  is  actually  present  in  solution  in  the  mercury.  While  the 
amalgam  is  being  formed  it  swells  up  and  gives  off  the  decomposition 
products  above  mentioned,  so  that  the  existence  of  the  substance  is 
only  temporary.  The  same  material  may  be  obtained  by  putting 
sodium  amalgam  into  a  strong  solution  of  a  salt  of  ammonium.  The 
action  is  a  displacement  of  one  ion  by  another  (p.  403) : 
Na  (dslvd  in  mercury)  +  NH*"*"  —*  NH*  (dslvd  in  mercury)  +  Na+. 

This  behavior  is  interesting  since  it  is  in  harmony  with  the  Idea  that 
ammonium,  if  it  could  be  isolated,  would  have  the  properties  of  a 
metal.    Substances,  other  than  metals,  are  not  miscible  with  mercury. 

Ammonium-ion  NH^:  Analytical  Reactions.  —  Ionic  ammo- 
niimi  is  a  colorless  substance.  It  unites  with  negative  ions,  giving 
salts,  which,  in  the  majority  of  cases,  are  soluble.  Ammonium  chlo- 
roplatinate  (NH4)!PtCle,  and  to  a  less  extent  ammonium  hydrogen 
tartrate  NH4HC4H40s,  are  insoluble  compounds,  and  their  precipita- 
tion is  used  as  a  test.     The  surest  means  of  recognizii^  ammonium 
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c. 


compounds,  however,  conrasts  in  adding  a  soluble  base  to  the  sub- 
stance {(j.  p.  521).  The  ammonium  hydroxide,  which  is  thus  formed, 
gives  o£F  ammonia,  and  the  latter  may  be  detected  by  its  odor.  The 
quantity  of  the  ammonium  salt  present  may  be  determined  by  dis- 
tilling the  mixture  and  catching  the  distillate  in  a  measured  volume  of 
normal  hydrochloric  acid.  Determination  of  the  amount  of  the  acid 
remainii^  unneutralized,  by  titration  with  a  standard  alkali  solu- 
tion, then  ^vee,  by  difference,  the  quantity  of  ammonium  hydronde. 

ExeiXMes.  —  1.  What  kind  of  metals  will,  in  general,  interact 
with  solutions  of  bases  (trf.  p.  646)? 

2.  Why  should  a  mixture  of  potas^um  chlorate  and  antimony  tri- 
Bulphide  be  explosive? 

3.  How  does  the  direct  vision  spectroscope  differ  from  the  ar- 
rangement here  described  ((^.  any  work  on  physics)? 

4.  Why  is  not  ammonium  carbamate  (p,  680)  formed  by  the 
neutralization  method? 

5.  How  should  you  set  about  making,  (a)  a  borate  of  potassium, 
(6)  potassium  pyrophosphate,  (c)  ammonium  nitrite,  (d)  anmionium 
chlorate,  (e)  ammonium  iodide? 

6.  Why  is  the  cleaning  of  platinum  wires,  as  usually  effected  by 
holding  them  in  the  Bunsen  flame,  assisted  by  periodical  dipping  into 
hydrochloric  acid  (p.  677)? 
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CHAPTER  XXXIV 

BOOnW  AMD  UTHnTH.    lOMIC  BQPIUBBnJM  COHSnUBSD 
QtTANTITATIVELT 

SoDioM  chloride  forms  more  than  two-thirds  of  the  solid  matter 
disBolved  in  sea-water,  and  the  great  salt  depoeits  are  largely  composed 
of  it.  Sea-planta  contain  sodium  salts  of  organic  acids,  just  as  land- 
plante  contain  potas^um  salts.  Chile  saltpeter,  cryolite,  8Im1  albite 
(a  soda  felspar)  are  important  minerals. 

Compounds  of  sodium  are  usually  cheaper  than  the  correspond- 
ing ones  of  potassium.  Also,  since  the  atomic  wei^t  <^  sodium  is 
'  23,  against  39  for  potassium,  a  smaller  weight  of  the  sodium  com- 
pound will  produce  the  same  chemical  result.  For  these  two  reasons, 
sodium  compounds,  escoept  in  special  cases,  are  always  used  for  com- 
mercial purposes. 

Preparati4>n.  —  Sodium  was  first  made  by  Davy  (1807)  by  elec- 
trolyms  of  moist  sodium  hydroxide.  It  is  manufactured  by  the  elec- 
trolysis of  fused  sodium  hydroxide  by  a  method  in- 
vented by  Castner.  The  negative  electrode  projects 
through  the  bottom  of  the  iron  vessel  containing  the 
fused  hydroxide  (Fig.  142),  and  here  the  sodium  and 
hydrogen  are  liberated.  This  electrode  is  surrounded 
by  a  wire^auze  partition  to  permit  circulation  in  the 
fused  mass,  but  prevent  escape  of  the  globules  of 
sodium.  TTiis  is  surmounted  by  a  bell-shaped  vessel 
of  iron.  The  positive  electrode  is  an  uxm  cylinder 
surrounding  the  gauze.  The  sodium  and  hydrogen  '^'°-  '"■ 
liberated  at  the  cathode,  being  lighter  than  the  fused  mass,  ascend 
into  the  iron  vessel,  under  the  edge  of  which  the  hydrogen  escapes. 
Oxygen  is  set  free  at  the  anode.  The  top  is  cl(»ed,  to  prevent  the 
eodium  from  burning.  The  melted  sodium  is  ladled  into  molds,  like 
candle  molds. 

Properties.  —  Sodium  is  a  soft,  shining  metal,  melting  at  97.5" 
and  boiling  at  742°.    The  green  vapor  is  a  monatomic  gas.    The 
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metal  ib  soluble  m  liquefied  ammonia,  giving  a  blue  solution.  The 
amilgitTTi  with  mercury,  when  it  contwns  more  than  a  small  amount 
of  Bodium,  is  solid,  and  contains  one  or  more  compounds  of  the  two 
elements.  This  amalgam  is  often  used  instead  of  the  metal  sodium, 
since  the  dilution  or  combination  with  mercury  makes  the  inter- 
actions of  the  metal  more  eaMly  controllable.  Sodium  is  used  in  the 
manufacture  of  sodium  peroxide,  and  of  many  complex  carbon  c<mii- 
pounds  which  are  employed  as  drugs  and  dyes. 

Sodium  Hydride  NaH.  —  When  hydrogen  is  led  over  sodium 
at  364",  in  such  a  way  that  the  upper  |^rt  of  the  tube  is  cooler,  s 
matted  mass  of  fine  white  crystals  of  the  hydride  is  deposited  on  the 
cool  part  of  the  tube.  The  temperature  must  not  rise  beyond  430°, 
mnce  the  compound  dissociates  rapidly  at  this  temperature.  The 
properties  of  the  substance  are  similar  to  those  of  potassium  hydride 
(p.  663). 

Sftdium  Chloride  NaCl.  —  Common  salt  is  obtuned  from  the 
salt  deposits  of  Staasfurt,  Reichenhall  (near  Salzburg),  in  Cheshire, 
at  Syracuse  and  Warsaw  in  New  York,  at  Salina  in  Kansas,  in  Utah, 
California,  and  many  other  districts.  Natural  brines  are  obtained 
from  wells  in  varioas  parts  of  the  world.  Since  the  salt  can  seldom  be 
used  directly,  on  account  of  impurities  which  it  contains,  it  is  purified 
by  recrystallization  from  water.  Natural  brines,  which  are  srane- 
times  dUute,  are  often  concentrated  by  dripping  over  extensive  ricks 
composed  of  twigs.  When  the  resulting  brine  is  allowed  to  evaporate 
slowly  by  the  help  of  the  sun's  heat,  large  crystals,  sold  as  "solar 
salt,"  are  obtained.  By  the  use  of  artificial  heat  and  stirring,  smaller 
crystals  of  greater  purity  can  be  secured.  In  northern  Russia,  the 
brine  is  allowed  to  freeze,  and  the  water  thus  removed  in  the  form  (rf 
ice  (p.  199).  Salt  intended  for  table  use  must  be  freed  from  the 
traces  <rf  magnesium  chloride  {g.v.)  present  in  the  original  brine  or 
deport,  for  this  impurity  causes  it  to  absorb  moisture  more  vigor- 
ously from  the  eut.  Addition  of  a  little  baking  soda  NaHCC^  remedies 
the  difficulty,  by  forming  the  insoluble  magnesium  carbonate,  tbe 
purest  salt  for  chemical  purposes  is  precipitated  from  a  saturated 
solution  of  salt  by  leading  into  it  hydrogen  chloride  gas.  Ex[^ana- 
tJon  oi  this  effect  will  be  given  presently  {see  p.  699). 

Cwnmon  salt  crystallizes  in  cubes,  the  faces  of  which  are  usually 
hollow.  Thecrystals  decrepitate  (p.  670)  when  heated,  and  melt  al 
about  820°.    Common  salt  is  the  source  of  all  sodium  ccsnpound^ 
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with  the  exception  of  the  nitrate.    From  it  come  also  most  of  the    ■ 
chlorine  and  hydrogen  chloride  used  in  commerce. 

The  Hydroxide  and  Oxidea.  —  Sodium  bydnnctde  NaOH  ia 
prepared  both  by  the  action  of  slaked  lime  upon  sodium  carbonate 
and  by  the  electrolysis  of  a  solution  of  sodium  chloride,  precisely  as  is 
potassiiUQ  hydroxide  (p.  666), 

Sodium  hydroxide  is  a  highly  deliquescent  substance,  which,  when 
exposed  to  the  air,  first  liquefies  and  then  becomes  solid  on  account  of 
the  formation  of  sodium  carbonate.  Its  general  chemical  [Muperties 
are  identical  with  those  of  potasdum  hydroxide.  It  is  used  in  the 
manufacture  of  soap,  in  the  preparation  of  paper  pulp,  and  in  many 
other  chemical  industries. 

Sodium  psroxldB  Na^Oi  is  made  by  heatii^  sodium  at  300-400° 
in  air  which  has  been  freed  from  carbon  dioxide.  The  sodium  ia 
placed  on  trays  of  aluminium,  and  is  passed  into  the  furnace  against 
the  current  c^  air.  In  this  way,  the  freshest  sodium  meeta  the  air 
from  which  most  of  the  oxygen  has  been  removed,  and  the  action  is 
moderated.  Conversely,  the  almost  entirely  oxidized  sodium  meets 
the  freshest  wr,  and  completion  of  the  oxidation  is  thus  assured. 
This  onde  is  the  sodium  salt  of  hydrt^n  peroxide.  When  thrown 
into  water,  it  decomposes  in  part,  in  consequence  of  the  heat  devel- 
oped, giving  sodium  hydroxide  and  oxygen.  With  -careful  coding, 
however,  much  of  it  can  be  dissolved.  By  interaction  with  acids 
it  yields  hydrogen  peroxide.  Sodium  peroxide  is  now  used  commer- 
ciaJly  for  oxidizing  and  bleaching  and,  in  the  form  of  oxone  (p.  85), 
as  a  source  of  oxygen.  The  ordinary  sodium  oxida  Na^O  is  made  in 
_the  same  way  as  is  potas^um  oxide  (p.  668). 

The  Nitrate  and  Nitrite.  —  The  occurrence  and  purification 
of  aodium  nitrate  NaNOj  have  already  been  described  (p.  525),  Its 
crystals  are  of  rhombohedral  form  (Fig.  69,  p.  173).  This  salt  is  one 
of  the  best  of  fertilizers,  since  it  furnishes  to  plants  the  nitrogen 
which  they  require  in  very  soluble  form.  It  is  used  also  in  the 
manufacture  of  potassium  nitrate,  of  nitric  acid,  and  ot  sodium 
nitrite. 

Sodium  ttltrit«  NaNOs  is  formed  by  heating  sodium  nitrate  with 
metallic  lead  and  recrystallizing  the  product  (p.  538).  Although  very 
soluble  it  is  leas  so  than  potassium  nitrite,  and  is  therefore  more  easily 
prepared  in  pure  condition.  It  is  used  as  a  source  of  nitrous  acid  by 
manufacturers  of  organic  dyes. 

L     ,l,z<,i:,.,  Google  • 
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Maimfitcture  of  Sodium  Carbonate.  —  Natural  sodium  car- 
bonate is  found  in  E^pt  and  in  other  parts  of  the  world,  At  Owen's 
Lake,  California,  it  is  secured  by  solar  evaporation  of  the  water.  The 
sesquicarbonate  NatC0j,NaHCOi,2HiO,  being  the  least  soluble  of 
the  carbonates  of  sodium,  is  the  one  deposited.  Locally,  small  quan- 
tities of  sodium  carbonate  are  still  made  by  the  burning  of  sea-weed. 
Up  to  the  close  of  the  eighteenth  century  this  was  the  only  source  of 
the  compound,  and  the  product  from  Spain,  known  commercially  as 
barilla,  was  ten  times  as  expensive  as  the  carbonate  now  is.  Hence 
glass  and  soap  were  proportionately  dearer  than  at  present. 

In  1791  the  French  Academy  offered  a  prize  for  the  discovery  of 
an  inexpen^ve  method  for  the  preparation  of  sodium  carbonate  from 
common  salt,  and  Lo  Blanc  proposed  the  process  which  bears  Ms  name 


L 


and  is  stiD  in  use  in  two  factories  in  Europe,  During  the  Revolution 
his  factory  was  destroyed,  his  patents  were  declared  to  be  public 
property,  and  the  inventor  died  by  suicide.  The  chief  stages  of  Le 
Blanc's  process  involve  three  chemical  actions.  In  the  first  place, 
sodium  chloride  is  treated  with  an  equivalent  amount  of  sulphuric 
acid  in  a  large  cast-iron  or  earthenware  pan.  The  bisulphate  tb'is 
produced  (cf.  p.  206),  together  with  the  unchanged  sodium  chloride, 
is  raked  out  on  to  the  hearth  of  a  reverberatory  •  furnace  (Fig.  143) 
and  heated  more  strongly: 

NaCl  +  NaHSO,  i=t  Na^O,  +  HCl  T . 
*  So  c&Ued  because  the  heated  gases  from  the  fire  are  defi*cUd  by  the  roof  and 
play  upon  the  materials  spread  on  the  bed  (rf  the  furnace. 

J.    Coo;;lc 
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The  product  of  this  treatmeat  is  called  aciU-cake.  The  second  and 
third  actions  which  follow  are  conducted  in  one  operation.  They  con- 
mst  in  the  reduction  of  the  sodium  sulphate  by  means  oi  powdered 
ooal  and  the  interaction  of  the  resulting  sulphide  of  sodium  with  chalk 
or  powdered  limestone: . 

Na^O,  +  2C  -»  Na»S  +  2C0j, 
Na,S  +  CaCO,-*  NasCO,  +  CaS. 

Formerly,  the  aalt-cake,  limestone,  and  coal  were  stirred  upon  the 
hearth  of  a  revBrberatory  furnace  and  worked  by  hand.  The  mate- 
rial was  collected  into  balls,  and  the  end  of  the  action  was  rect^nized 
by  the  fact  that  bubbles  of  carbon  monoxide  began  to  force  their  way 
to  the  surface  and  caused  little  jets  of  blue  flame.  The  gas  is  pro- 
duced by  the  action  of  the  coal  upon  the  calcium  carbonate,  excess  of 
both  of  these  substances  being  pres^it :  CaCOi  +  C  — » CaO  +  2C0. 
The  production  of  this  gas  gives  a  porous  texture  to  the  material, 
which  facilitates  the  solution  of  the  sodium  carbonate  in  the  final 
stage.  The  porous  product  is  called  blach-ash.  In  modem  factories 
hand  labor  is  saved  by  giving  the  black-ash  furnace  the  form 
of  a  rotating  cylinder,  in  which  projections  from  the  walls  asast 
in  bringing  about  complete  mixing  of  the  materials  during  the 
action. 

The  black-ash  varies  very  much  in  composition.  It  commonly 
contfuns  45  per  .cent  of  sodium  carbonate,  30  per  cent  of  calcium 
sulphide,  10  per  cent  of  calcium  oxide,  and  a  number  of  other  products 
and  impurities.  The  coal  used  in  the  operation  is  selected  so  as  to  be 
as  free  as  pc^sibte  from  combined  nitrogen,  the  presence  of  which 
leads  to  the  formation  of  cyanides. 

Calcium  sulphide  is  not  very  soluble  in  water,  and  is  but  slowly 
hydrolyzed  by  it  (p.  421),  especially  when  calcium  hydroxide  is 
present.  The  sodium  carbonate  is  therefore  extracted  from  the 
black-ash  by  water.  The  ash  is  placed  in  a  series  of  vessels  at  different 
levels,  and  a  stream  of  water  flows  from  one  vessel  to  another,  until, 
when  it  issues  from  the  last,  it  is  completely  saturated  with  sodium 
carbonate.  A  temperature  of  30°  to  40°,  at  which  the  solubility  (rf 
sodium  carbonate  is  at  a  mfiTimnm,  is  employed.  When  the  material 
in  the  first  of  the  vessels  has  been  exhausted,  the  water  is  allowed  to 
enter  the  second  vessel  directly,  and  a  vessel  containing  fresh  black- 
ash  is  added  at  the  lower  end  of  the  series.  In  this  way  the  most 
nearly  exhausted  ash  comes  in  contact  with  pure  water,  which  is  in 
the  best  position  to  dissolve  the  remaining  sodium  carbonate  ra^udly, 

_,,   C.ooylc 
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while  the  fresh  black-aah  encounters  a  solution  already  almost  at  the 
point  of  saturation. 

The  saturated  solution  is  evaporated  in  shallow  pans  i^aced  in  the 
flues  of  the  furnaces,  and  the  monohydrate  Na«COt,HiO,  which  crys- 
tallizes from  the  hot  liquid,  is  raked  out  and  dried  by  heat,  leaving 
oaldnod  soda.  When  this  material  is  recrystallized  from  water  and  is 
allowed  to  depodt  itself  from  the  solution  at  the  ordinary  tempera- 
ture, the  decahydrate  NaiCOsjlOHiO,  sodft  oryitala,  wubing  sod>, 
or  Ml  loda  appears. 

The  Solvar,  or  ammonU-wMla  prooeu,  invented  in  1860,  has  now 
displaced  the  Le  Blanc  process.  It  differs  from  the  latter  by  in- 
volving almost  nothing  but  ionic  actions,  A  solution  of  salt  con- 
toning  ammonia  and  warmed  to  40°  fills  a  tower  divided  by  a  number 
of  perforated  partitions.  Carbon  dioxide,  which  is  forced  in  below, 
makes  its  way  up  through  the  liquid.  The  ammonium  bicarbonate 
formed  by  its  action  undergoes  double  decompoation  with  the  salt, 
and  sodium  bicarbonate  which  is  precipitated  settles  upon  the  par- 
titions: 

Naa  +  NH4HCO,  ^  NaHCOsi  +  NH^Cl, 
or  HCOr  +  Na+  *^  NaHCOj  I . 

The  solid  sodium  bicarbonate,  after  being  freed  from  the  liquid,  is 
heated  strongly  and  leaves  beiiind  sodium  carbonate: 

ZNaHCO,  -» Na^O,  +  H,0 1  +  C04 . 

The  carbon  dioxide  which  is  liberated  passes  through  the  operation 
once  more.  The  supply  of  carbon  dioxide  is  generated  in  lime-kilns 
of  special  form.  The  mother-hquor  from  the  Bodium  bicarbonate 
contwns  ammonium  chloride.  This  is  decomposed  by  heating  with 
quickhme  from  the  kilns,  and  the  ammonia  which  is  thus  obtained  is 
available  for  the  treatment  of  another  batch.  A  solution  of  calcium 
chloride  is  thus  the  only  waste  product.  Some  of  this  is  used  for 
laying  dust  on  roads,  because,  being  a  deUquescent  stilt,  the  moistened 
dust  does  not  dry  up. 

This  procesa  furnishes  a  much  purer  product  than  does  the  Le 
Blanc  proceffl.  A  possible  rival  threatens  to  arise  in  the  treatment 
of  electrolytic  sodium  hydroxide  with  cartwn  dioxide  gaa. 

Properties  of  Sodium  Carbonate.  —  The  common  form  of 
sodium  carbonate  consists  of  large  monoclinic  crystals  of  the  'decahy- 
drate NajCOijlOHiO.     This  substance  has  a  fairly  hi^  aqueous  ten- 
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sion,  and  loses  nine  of  the  ten  molecules  of  w&ter  which  it  contains 
when  it  ia  expoaed  in  an  open  vessel.  When  warmed  it  melts  at  35.2", 
givioj;  a  solution  of  sodium  carbonate  in  water.  The  residue  from 
evaporation,  above  35.2°,  is  the  moiioliydrate  NatCOs,HjO.  At  higher 
temperatures,  or  with  low  atmospberic  aqueous  tension  (p.  152),  this 
in  turn  can  be  completely  dehydrated.  The  decahydrate  increases 
in  solubility  up  to  35.2°,  when  it  ceases  to  exist.  Just  above  this  tem- 
perature the  monohydrate  is  the  only  substance  which  is  stable.  The 
solubihty  of  the  monohydrate  is  the  same  aa  that  of  the  decahydrate 
at  35.2°,  and  diminishes  as  the  temperature  is  raised.  The  relations 
are  of  the  same  nature  as  in  the  case  of  sodiiun  sulphate  (p.  193).  In 
aqueous  solution,  sodium  carbonate  is  hydrolyzed  (3.2  per  cent  in 
0.1^  sol.  at  25°),  and  shows  a  marked  alkaline  reaction.  The  com- 
pound is  used  in  large  amounts  for  the  manufacture  of  glass  and 
soap,  in  the  softening  of  water,  and  is  applied  in  irmumerable  ways  in 
the  scientific  industries  for  purposes  akin  to  cleansing. 

All  the  familiar  salts  of  sodium,  excepting  sodium  nitrate  and 
the  peroxide,  are  made  by  the  treatment  of  sodium  carbonate  or 
sodium  hydroxide  with  acids. 

Sttdium  BuMrbonate  NaHCOt  or  Baking  Soda.  —  This  salt 
b  formed  in  the  Solvay  process,  and  can  he  prepared  in  a  state  of 
purity  by  passing  carbon  dioxide  over  the  decaLydrate  of  sodium 
carbonate: 

Na,CO,,10HsO  +  C0»  F±  2NsHC0»  +  mfi. 

The  hydrate  is  spread  upon  a  grating,  through  which  the  water  gener- 
ated by  the  action  drips  away.  This  action  is  reversible,  and  sodium 
bicarbonate  shows,  even  in  the  cold,  an  appreciable  tension  of  carbon 
dioxide.  Even  a  solution  of  this  salt  gives  off  carbon  dioxide,  when 
boiled.  An  aqueous  solution  of  pure  sodium  bicarbonate  is  neutral 
to  phenolphthalein,  on  account  of  the  small  degree  of  ionization  of  the 
ion  HCOj",  Ordinarily,  however,  the  solution  is  alkaline,  on  account 
of  the  presence  of  the  cariwnate,  which  is  hydrolyzed. 

Baking  Potrdera.  —  The  object  of  using  the  powder  is  to  gen- 
erate carbon  dioxide  in  the  dough.  The  bubbles  are  retained  because 
of  the  presence  of  the  sticky  gluten.  They  expand  when  the  dough 
is  heated  in  baking,  and  give  to  the  bread  its  porous  texture. 

Baking. soda,  alone,  will  give  off  carbon  dioxide,  but  the  sodium 
carbonate  which  it  leaves  behind  has  a  disagreeable  taate  and  acta 
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upon  the  gluten  causing  a  yellow  color  and  unpleasant  sfnell.  It 
also  tends  to  neutralize  the  acid  in  the  gastric  juice  and  so  impedes 
digestion.  To  inrevent  this  result,  sour  milk  (containing  lactic 
acid)  and  even  vinegar  are  added.  Usually,  however,  a  bakiiic 
powdw  contuning  an  acid  substance  along  with  the  bicarbonate  is 
employed.  Potassium  bitartrate  (erMm  of  tartar)  KHCtH^Og  (p. 
60S)  is  most  commonly  employed,  although  alum  and  primary  sodium 
orthophosphate  (p.  558)  are  also  used: 

HKCAO.  +  NaHCO,  ->  NaKCtHtO,  +  H,CO,  -» H,0  +  C0». 

The  cream  of  tartar  has  the  advantages  that  it  ia  somewhat  in- 
soluble and  does  not  act  noticeably  upon  the  soda  before  the  mixing 
of  the  dough  is  complete,  and  that  the  sodium-potassium  tartrate 
(Bochalle  Salt)  produced  is  not  harmful.  A  little  starch  is  added 
to  baking  powders  to  keep  the  particles  of  the  two  other  li^redients 
apart,  and  prevent  gradual  intCTaction  before  use. 

For  raising  bakers'  bread,  yeast  is  employed,  and  time  is  allowed 
for  the  propagation  of  the  yeast  and  its  action  upon  the  sugar  (p. 
607)  in  the  flour.  A  little  molasses  or  malt  extract  is  often  added,  to 
ensure  a  sufficient  supply  of  sugar. 

The  whites  of  eggs  cause  cake  to  rise,  largely  because  tiiey  are 
whipped  before  use,  and  bubbles  of  air,  which  expand  when  h^ted, 
are  thus  introduced. 

Sodium  Sulphate  Na^Ot.  —  Anhydrous  sodium  sulphate 
(theoardite)  crystallizes  in  the  rhombic  system,  and  is  found  in  the 
salt  layers,  lie  same  salt  is  contained  in  mineral  waters,  such  aa 
those  of  Friedrichsball  and  Karlsbad.  It  is  formed  in  connection 
'  with  the  manufacture  of  nitric  acid  from  sodium  nitrate.  Some  of  it 
is  also  prepared  at  Stassfurt  by  dissolving  kieserite  MgS04,I^0  in 
water  along  with  sodium  chloride.  When  the  solution  is  cooled  to  0^, 
the  decahydrate  of  sodium  sulphate  crj^tallizes  out,  and  magnedum 
chloride  remains  in  solution.  It  is  used,  as  a  substitute  for  sodium 
carbonate,  in  making  inexpensive  glass. 

The  dMahjrdrate  of  sodium  sulphata  Na3SO4,10HiO,  OUmbar-i 
salt,  forms  large  monoclinic  crystals  which  pve  up  all  the  water  of  hy- 
dration when  kept  in  an  open  vessel.  When  heated  the  crystals  nwlt 
at  32.4°,  and  are  resolved  into  the  sulphate  and  water.  The  relations 
of  the  hydrate  and  anhydrous  substance  in  respect  to  solubility  have 
been  fully  discussed  already  (p.  193),  When  the  decahydrate  ia 
mixed  with  concentrated  hydrochloric  acid,  it  is  decomposed,  and  a 
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part  of  the  sulphate  is  coflverted  into  sodium  chloride,  the  second 
action  being  a  reversible  one.  This  is  one  of  those  actions  which 
proceed  spontaneously,  and  therefore  involve  a  diminution  in  the 
store  of  available  enei^y  in  the  system,  although,  so  far  as  keai  is 
concerned,  a  marked  absorption  of  this  form  of  enei^  takes  place 
((^.  p.  35).    The  combination  is  used,  in  fact,  as  a  freezing  mixture. 

Sodium  ThUMulphate  NaAOi,5HtO.  —  Tlu3  salt'is  made  by 
boiling  a  solution  of  sodium  sulphite  with  sulphur.  It  b  also  ob- 
tained by  boiling  sulphur  with  caustic  soda,  and  crystallizes  from  the 
mixed  solution : 

4S  +  6NaOH  -*  NsaS^,  +  2NaiS  +  3H2O. 

It  gpvea  large,  transparent  monoclinic  crystals  of  a  pentahydrate. 
When  heated  it  first  loses  the  water  of  hydration,  and  then  decom- 
poses, ^ving  sodium  sulphate,  which  is  the  most  stable  oxygen- 
sulphur  compound  of  sodium,  and  sodium  pentasulphide: 

4Na5S!0,  -» 3Na,804  +  NaA. 

From  the  latter,  four  unit-weights  of  sulphur  can  be  driven  by  stronger 
heatii^.  Sodium  thiosulphate  (brpo)  is  used  for  fixing  negatives 
in  photc^raphy  (g.f.),  and  by  bleachers  as  anticblor  (p.  448).  For 
sodium  hyposulphite  Na^sOi,  see  p.  443. 

Phosphates  of  Sodiuin.  —  Common  «odium  phosphate  is  a  do- 
decahydrate  of  the  secondary  orthophospbate,  NaiHP04,12HiO.  It 
is  made  hy  neutralization  of  phosphoric  acid  with  sodium  carbonate, 
and  crystallizes  from  the  solution  in  large,  transparent  monoclinic 
prisms.     Its  properties  have  already  been  discussed  (p.  559). 

Sodium  metaphosphate  NaPOi  is  used  for  bead  tests  (cf.  p.  560). 

So^um  Tetraborate  NoiBiOj,  or  Borax.  —  This  salt  com- 
bines with  ten  molecules  of  water,  forming  large,  transparent  prisms, 
NatBiOjjlOHjO.  When  heated  it  loses  water,  and  leaves  the  eaaly 
fusible  anhydrous  salt  in  glassy  form,  It«  sources  have  already  been  ■ 
discussed  under  borates  (p.  637).  It  is  used  as  an  ingredient  in  glazes 
for  porcelain,  in  soldering,  for  bead  reactions  (1^.  p.  640),  and  for 
preserving  foods. 

Sodium  Dixilicate  NotSitOi.  —  This  salt  (p.  634)  is  used  for 
fireproofing  wood  and  other  materials  and  for  preserving  ^gs.    Sand 
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which  is  moistened  with  it  and  pressed  in  molds,  fomiB,  after  baking, 
a  serviceable  artificial  stone.  Since  silicic  acid  is  a  feeble  acid,  this 
salt  is  hydrolyzed,  and  gives  a  strongly  alkaline  solution  (p.  648). 
For  w>dium  c^mide,  see  p.  721. 

Properties  qf  Sodium-ion  Na*:    Analytical  Reactions.  — 

Sodium-ion  is  a  colorless  ionic  material  which  unites  with  all  n^^tive 
ions.  Practically  all  the  salts  so  formed  are  soluble  in  water.  The 
only  ones  which  can  be  precipitated  are  sodium  fiuosilicate  NatSiFj, 
made  by  the  addition  of  hydrofluosilicio  acid  to  a  strong  solution  of 
a  sodium  salt,  and  sodium-hydrogen  pyroantimoniate  NaiH^t>iOT, 
made  by  similar  addition  of  the  corresponding  potassium  salt.  The 
two  yellow  lines  in  the  spectrum  are  characteristic.  If  the  yellow 
light  per^sts  longer  than  could  be  accounted  for  by  the  ordinary 
deposit  of  dust  on  the  wire,  a  sodium  compound  is  present  in  the 
material. 

LrrHiuM 

The  compounds  of  lithium  are  made  from  amblygonite,  a  mixed 
phosphate  and  fluoride  of  aluminium  and  lithium.  It  occurs  in 
lepidolite  (a  lithia  mica)  and  in  other  rare  minerals.  Traces  of  com- 
pounds of  the  element  are  found  widely  diffused  in  the  soil,  and  are 
taken  up  by  plants,  particularly  tobacco  and  beets,  in  the  ashes  of 
which  the  element  may  be  detected  spectroscopically. 

The  motal  is  liberated  by  electrolysis  of  the  fused  chloride,  the 
manipulation  being  facilitated  by  the  addition  of  some  potasffliuu  chlo- 
ride to  lower  the  melting-point  of  the  lithium  salt.  The  nqelting- 
point  and  boiling-point  of  the  free  element  are  higher  than  those  of 
any  other  alkali-metal,  and  the  specific  gravity  (0.53)  is  lower  than 
that  of  any  other  metal  whatever.  lithium  not  only  floats  upon 
water,  but  also  in  the  petroleum  in  which  it  is  preserved. 

The  metal  behaves  towards  water  and  oxygen  like  sodium  (p.  115), 
It  unites  directly  and  vigorously  with  hydrogen  (LiH),  nitrogen 
(Li)N),  and  oxygen  (LisO),  forming  stable  compounds.  The  chloride 
crystallizes  in  octahedra  (p.  172),  The  relative  insolubility  (Table) 
of  the  hydroxide  LiOH,  the  carbonate  LijCOj,  and  the  phosphate 
LisPO«,2HjO,  is  in  sharp  contrast  to  the  easy  solubility  of  the  cor- 
responding compounds  of  the  other  alkali-metals,  and  links  lithium 
with  magnesium.  The  compounds  of  lithium  give  a  bright-red  color  to 
the  Bunsen  flame,  and  a  bright-red  and  a  somewhat  less  bright  orange 
line  are  seen  in  the  spectrum.     The  carbonate  is  used  in  medidne. 
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Ionic  Equilibrium,  Considered  Quantitativblt 

The  Simple  Case.  —  In  view  of  the  predominaiice  of  ionic 
actions  in  the  chemistry  of  the  metals,  and  of  the  determinative  effect 
of  ionic  equilibria  on  many  actions,  it  is  essential  that  we  should  be 
prepared  in  future  for  a  more  exact  study  of  these  phenomena  than 
we  have  hitherto  attempted.  The  whole  basis  for  this  exact  study 
has  already  been  supplied,  and  only  more  specific  apphcation  of  the 
principles  is  demanded.  The  basis  referred  to,  which  should  now 
be  re-read  as  a  preliminary  to  what  follows,  is  contained  in,  (1)  the 
discus^on  of  chemical  equilibrium  in  general  (pp.  287-295),  (2)  the  ' 
application  of  the  Bame  principles  to  ionic  equilibrium  (p.  359), 
and  (3)  the  illustration  of  this  application  in  the  case  of  cupric 
bromide  (pp.  378-380). 

In  the  first  place,  the  principles  themselves  must  be  recalled. 
When  acetic  acid,  for  example,  is  dissolved  iil  water,  it  is  ionized  thus: 
HC»H,a  ^  H-^  +  c^or. 

The  amount  of  molecular  acetic  acid  dissociated  per  second  in  a  given 
amount  of  the  solution  is  proportional  to  the  concentration  of  the 
molecules,  while  the  amount  of  the  two  ionic  materials,  hydrogen-ion 
and  acetate-ion,  uniting  to  form  molecules  of  acetic  acid  depends  on 
the  frequency  of  the  encounters  of  the  two  kinds  of  ions  and  is  propor- 
tional to  the  ionic  concentratioijs  (p.  358).  The  unit  of  concentration 
(p.  294)  is  1  mole  per  liter,  or,  in  the  present  case,  60  g.  of  the  acid, 
1  g.  of  hydrogen-ion,  and  59  g.  of  acetate-ion,  respectively,  per  hter, 
for  these  numbers  represent  the  weight  of  one  mole  of  each  compo- 
nent.   According  to  the  law  of  concentration  (p.  297) : 

[HCH,Oj]  '  ^  ' 

and  the  numerical  value  of  this  fraction,  or  of  K,  remains  unchanged 
whatever  the  total  concentration  of  the  solution  may  be.  If  the  solu- 
tion is  diluted,  for  example,  [H+|  and  [CiHjOj"]  diminish  relatively 
less  quickly  than  [HCiHgOsI  in  order  that  the  value  of  the  whole 
expression  may  remain  the  same.  Ttiis  is  accomplished  by  ioniza- 
tion of  a  part  of  the  material  whose  concentration  is  [HCiEUOil  and 
its  transference  to  the  ionic  forms  whose  concentrations  are  [H'*']  and 
(CHjOr],  respectively  (p.  299) . 

A  numerical  example  will  show  that  this  law  of  concentration  ex- 
presses the  facts  with  considerable  exactness.  The  data  in  regard  to 
acetic  acid  are  as  follows  (p.  365) : 


DiailizodbvCoOglc 
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r. 

n. 

in. 

rv. 

AoMio  Add. 

UobrCon- 

rUIoDiud. 

'"Vx'S?'*"' 

'5^?)&' 

UDHnolar     .   .  . 

1.0 

0.004 

0.004 

1-0  -0.004 

DecHnolar  .  .  . 

0.1 

0.013 

0.0013 

0.1  -0.0013 

Centi-molar .   .   . 

0.01 

00407 

0.000407 

0.01-0.000*07 

Now  [H+j  =  [CiH)Oi~],  ance  the  lona  are  produced  in  equal  numbers. 
Also,  for  our  puipoee,  the  numbers  to  be  subtracted  in  column  iv  are 
relatively  bo  snuUl  that  the  values  1,  0.1,  and  0.01  may  be  taken  to 
represent  [HCuHjOt]  without  appreciable  error.  Hence,  Bubstituting 
the  data  in  equation  (1)  above,  we  have: 

imn .  „.,^     (■«)'3)' , 


-  .  .0.160. 


.1 


!..o.m      t™«!.. 0.166. 


.01 


In  other  words,  although  the  last  solution  is  a  hundred  times  more 
dilute  than  the  fiist,  and  the  degree  of  ionization  haa  increased  ten 
times,  the  whole  expression  remains  close  to  the  value  O.O4I65  and  is 
essentially  constant. 

When  conductivity  data,  like  the  above,  are  applied  in  the  same 
way  to  the  cases  of  more  highly  ionized  substances,  the  values  of  K 
are  less  nearly  constant.  It  is  supposed  that  with  this  class  of  sub- 
stances the  measurements  of  degrees  of  ionization  by  the  conductivity 
method  are  less  accurate,  although  the  cause  of  the  discrepancy  has 
not  been  fully  determined.  However,  in  the  very  general  applica- 
tions of  the  data,  which  are  all  that  we  shall  be  required  to  make,  the 
conclu^ns  will  not  be  affected  by  this  fact. 

Exeesa  of  One  Ion.  —  In  the  case  of  cupric  bromide  (p.  378), 
we  showed  that  increasing  the  ccmcentration  of  the  bromide-ion  dis- 
placed the  equilibrium  by  favoring  the  union  of  the  ions  to  form  molec- 
ular cupric  bromide:  2Br~  +  Cu++  — >  CuBrj.  This  we  speak  of  as 
a  rsprwsioii  erf  tha  ionimitioii  of  the  cupric  bromide.  Now,  if  the 
substance  is  a  slightly  ionized  one,  bke  a  weak  acid  or  a  weak  base,  the 
repressioti  of  the  ionization  through  the  formation  of  molecules  in 
this  way  may  remove  so  many  of  that  one  of  the  ions  which  is  not 
present  in  excess  (corresponding  to  the  Cu++  in  the  foregoing  illus- 
tration), that  the  mixture  will  no  longer  respond  to  tests  for  the  ion 
so  removed.    This  is  an  interesting  and  very  common  case.    The 
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behavior  of  acetic  acid,  a  weak,  slightly  ionized  acid,  will  serve  as  an 
illustration. 

In  normal  solution  (60  g.  in  1  1.)  acetic  add  is  only  .004  ionized 
(p.  694),  so  that,  in  the  equation  for  the  equilibrium, 

(.996)  HCjHjO,  ±=r  H+  (.004)  +  CtHjO,-  (.004), 

the  relative  proportions  are  as  shown  by  the  numbers  in  parenthesis. 
If  the  whole  of  the  acid  (60  g.)  were  ionized,  there  would  be  1  g.  of 
hydrc^eti-ion  per  liter.  Yet,  even  in  this  much  smaller  concentration 
(.004  g.  per  hter),  the  acid  taste  of  the  H^  and  ite  effect  upon  indi- 
cators can  be  distinctly  recognized.  If,  now,  solid  sodium  acetate  is 
dissolved  in  the  solution,  the  Uquid  no  longer  gives  an  add  reaction 
with  one  of  the  less  delicate  indicators,  like  methyl  orange  iq.v.). 
The  explanation  is  simple.  Sodium  acetate  is  h^hly  ionized.  It 
gives,  therefore,  a  lai^  concentration  of  acetate-ion  to  a  liquid  for- 
merly containing  very  little.  This  causes  a  greatly  increased  union 
of  the  H+  ions  and  C^HaO*"  ions,  and  the  former,  being  already  very 
few  in  number,  disappear  almost  entirely.  Henoe  the  solution  be- 
comes, to  all  intents  and  purposes,  neutral.  There  is  no  less  aceHe 
add  present  than  before,  but  the  concentration  of  hydrogen-ion  is 
very  much  smaller. 

Formulation  and  Quantitative  Treatment  of  the  Case  of 
Exceaa  of  One  Ion.  —  If  the  semi-mathematical  mode  of  formu- 
lating an  equilibrium  (p.  35d),  as  applied  to  the  case  of  an  iont^eu,  be 
employed  here,  the  foregoing  general  statements  may  be  made  more 
precise  and  the  conclusions  clearer.  The  value  of  iC  is  constant, 
whether  the  strength  of  the  solution  of  acetic  acid  is  great  or  small, 
and  even  when  another  substance  tcilk  a  common  ion  is  present.  In  the 
latter  case,  [CiHjOa"]  and  [H+]  stand  for  the  tekole  concentrations  of 
each  of  these  ionic  sulwtances  from  both  sources. 

Now,  as  we  have  seen,  in  normal  acetic  acid  [H"*"]  =  .004, 
[CjHjOj"!  =  004  (for  the  number  of  each  kind  of  ions  is  the  same), 
and  [HCiHsOJ  =  .996,  practically  1.     Substituting  in  the  formula 

''■'*"^''°°*-g(- 0.0.16). 

When  sodium  acetate  is  dissolved  in  the  liquid  until  the  solution  is 
normal  in  respect  to  this  sul>stance  also,  the  following  additional 
equilibrium  has  to  be  considered; 

(.47)  NaCiHjOi  ^  Na+  (.53)  +  CJIaOr  (.53). 


oogk 


696  INORGANIC  Chemistry 

The  coDcentration  of  acetate-ion  from  this  source  is  .53,  so  that,  in  the 
mixture  of  acid  and  salt,  the  concentration  of  acetate-ion  [Cyi»Oi~] 
will  be  .53  +  .004  =  .534,  or  nearly  134  timea  larger  than  in  the  acid 
alone.  Hence,  in  order  that  the  product  [H"*"]  X  [CaH»Oi~j  may  re- 
cover, as  it  must,  a  value  much  nearer  to  the  old  one,  [H^)  must  be 
duninished  to  something  like  -jj^  of  its  former  magnitude.     That 

■      rirj-i      -11   L                     1   ..       1,     i,   /.  ™™o   0.00003  X  0.534 
IS,   [H+]   will  become  equal  to  about  0.00003,  — — = 

K  (=0.0416),  t^e  rest  of  the  hydrogen-ion  uniting  with  a  correspond- 
ing amount  of  the  acetate-ion  to  form  molecular  acetic  acid.  The 
effect  of  adding  this  amount  of  sodium  acetate  therefore  is,  as  we  have 
seen,  to  reduce  the  concentration  of  the  hydrogen-ion  below  the 
amount  which  can  be  detected  by  use  of  an  indicator  hke  methyl 
orange. 

This  effect  is  of  course  reciprocal,  and  the  ionization  of  the  sodium 
acetate  will  be  reduced  also.  But  the  acetate-ion  furnished  by  the 
acetic  acid  is  relatively  so  small  in  amount  (.00003  ag^nst  .53)  that 
the  effect  it  produces  on  the  ionization  of  the  salt  is  imperceptible. 

It  will  be  noted  that  the  acetate-ion  and  hydrogen-ion  disappear 
in  equivalent  quantities,  for  they  unite.  There  is,  however,  so  much 
of  the  former  that  the  loss  it  suffers  goes  unremarked,  while  there  is  so 
little  of  the  latter  that  almost  none  of  it  remains.  When  substances 
of  more  nearly  equal  degrees  of  ionization  are  used,  both  effects  are 
equaUy  inconspiaious.  Thus,  sodium  chloride  and  hydrogen  chloride 
in  normal  solutions  yield  approximately  equal  concentrations  of 
chloride-ion  (.784  and  .676).  Hence,  if  one  mole  of  sodium  chloride 
were  to  be  dissolved  in  the  portion  of  water  already  containing  one 
mole  of  hydrogen  chloride,  the  concentration  of.  the  chloride-ion,  at  a 
very  rou^  estimate,  would  be  ticarly  doubled.  If  this  doubling  of  the 
concentration  of  chloridion  almost  halved  that  of  the  hydrogen-ion 
(.784),  in  order  that  the  expression  [CV]  X  [H+]  -i-  [HCl]  might  re- 
main constant,  the  concentration  of  the  hydrogen-ion  would  still  be 
about  .400  and  therefore  100  times  as  great  as  in  molar  acetic  acid. 
It  is  thus  altogether  impossible  to  reduce  the  concentration  of  the 
hydrogen-ion  given  by  an  active  acid  like  hydrochloric  acid  below  the 
Umit  at  which  uidicators  are  affected,  for  there  is  no  way  of  introduc- 
ing the  enormous  concentration  of  the  other  ion  which  the  thecuy 
demands. 

With  more  crude  means  of  observation  than  indicators  afford, 
effects  like  this  last  may  sometimes  be  rendered  visible.  This  was 
the  case  with  cupric  bromide  solution,  to  which  potassium  bromide 
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vras  added  (p.  379).  The  blue  of  tbe  cupric-i(»i  disappeared  from 
view,  while  much  cupric-ion  waa  still  present,  because  the  brown 
color  of  the  molecular  cupric  bromide  covered  it  up  completely. 

Speaol  Case  of  Saturated  Solutions.  —  The  commonest  as 
well  as  the  most  interesting  application  of  the  conceptions  developed 
above  is  met  with  in  connection  with  saturated  solutions,  especially 
those  of  relatively  insoluble  substances. 

The  situation  in  a  syst«m  consisting  of  the  saturated  solution  and 
excess  of  the  solute  has  been  discussed  already  (read  p.  382).  In  the 
case  of  potassium  chlorate,  for  example,  we  have  the  following  scheme 
of  equilibria: 

KCIO,  (solid)  f±  KCl<?s  (dslvd)  ?±  k+  +  CIO,-. 

Solution  of  the  soUd  is  promoted  by  the  solution  pressure  of  the  mole- 
cules, while  it  is  opposed  by  the  diffusion  pressure  of  the  dissolved 
substance,  and  the  solution  is  saturated  when  these  tendencies  produce 
equal  effects  (p.  186).  Now  it  must  be  noted  that  the  tendency  di- 
rectly opposed  to  the  solution  pressure  is  the  pariiai  diffumon  pressure 
of  the  dissolved  molecules  alone.  The  chief  contents  of  the  eoiution, 
the  molecules  and  two  kinds  of  ions  of  the  salt,  and  any  foreign  mate- 


rial that  may  be  present,  are  like  a  mixture  of  i_ 
of  partial  pressure  (p.  Ill)  is  to  be  applied.  The 
ions  and  the  foreign  material  do  not  deposit  them- 
selves upon  the  solid,  and  take,  therefore,  no  pArt 
directly  in  the  equilibrium  which  controls  solubility. 
In  respect  to  this  the  ions  are  themselves  foreign 
substances.  Hence  the  conclusion  may  be  stated 
that,  In  lolutlonA  aatuntwl  at  a  glroii  t«mp«ratUT« 
by  a  giTon  solute,  the  coneontration  of  tb«  diuolrsd 
mOlMnilu  of  tlia  uluta  conaideriMl  by  tbemsolTU 
wlU  be  constant  vhatsrsr  other  lubstancea  m^  ba 


and  the  principle 


The  total  "solubility"  of  a  substance,  as  we 
have  used  the  term  hitherto,  is  made  up  of  a  nK>  *^°"  '**" 

lecular  and  an  ionic  part.  The  latter,  as  we  shall  presently  see,  is 
not  constant  when  a  foreign  substance  containing  a  common  ion  is 
already  in  the  liquid.  Since  the  treatment  of  the  subject  requires  us 
now  to  distinguish  between  the  two  portions  of  the  solute,  a  diagram 
(Fig.  144)  will  assist  in  emphasizing  the  distinction.  The  material  at 
the  bottom  is  the  salt.    The  molecules  and  ions  are  to  be  thought 
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of  as  being  mixed  and  as  being  present  io  numbers  iepreflent«d  by 
the  factors  n  and  m.  Since  no  fore^  body  is  present,  the  two  ions 
in  this  case  are  equal  in  number. 

When  we  now  apply  these  ideas  to  the  mathematical  expreaaou  of 
the  relation: 

[K-*-j  X  [ClOr] 
[KCIO,] 

we  perceive  tiiat,  in  a  saturated  solution,  [KClOi],  the  concentration 
of  the  molecules,  is  amstavi.    Transpoffli^,  we  tiave 

[K+I  X  [ClOr]  =  K  (KCIO,]  =  K'. 

Hence  the  relation  leads  to  the  important  conclusion  that.  In  a  sata- 
ratod  scdutlon  the  i^oduct  of  the  molar  otmemtntitaiM  of  the  iaat 
It  eoiutant.*  This  product  is  called  the  Ion-product  ctmatant  for  the 
substance,  The  law  of  the  oonstanoy  of  the  lon-produot  In  a  utu- 
rated  eoluUon  is  one  of  the  most  useful  of  the  principles  of  chemistry. 
It  enables  us  to  explain  all  the  varied  phenomena  of  precipitation  and 
of  the  solution  of  precipitates  in  a  consistent  manner.  These  appli- 
cations of  the  principle  will  be  explained  in  the  next  chapter.  One 
curious  kind  of  precipitation  will  be  described  here,  however,  as  an 
illustration  of  the  use  of  the  principle. 

Illustration  of  the  Principle  of  Ion-Product  Constancy.  — 

When,  to  a  siUuTated  solution  of  one  of  the  less  soluble  salts,  a  strong 
solution  of  a  salt  having  one  ion  in  common  with  the  first  salt  is  added, 
precipitation  of  the  first  salt  frequently  takes  place.  This  happens, 
for  example,  with  a  saturated  solution  of  potas^um  chlorate,  which 
is  not  very  soluble  (molar  solubility.0,52,  see  Table).  The  concentra- 
tions [K+)  and  [ClOr]  being  small,  one  may  easily  increase  the  value 
for  one  of  the  ions,  say  [C10j~],  fivefold,  by  adding  a  chlorate  which 
is  sufficiently  soluble.  To  preserve  the  value  of  the  product  [K+]  X 
[ClOi"],  the  value  of  [K+]  will  then  have  to  be  diminished  at  once  to 
one-fifth  of  its  former  vaJue.  This  can  occur  only  by  union  of  the 
ionic  material  it  represents  with  an  equivalent  amount  of  that  for 

*  The  principle  of  conBtant  oonceutration  of  dissolved  moleculee,  etated  above, 
has  been  Bfaown  to  exprem  the  f&cts  very  inaccuratdy.  Now  the  principle  of  the 
constancy  of  the  ratio  of  the  ion-product  to  the  concentration  <^  the  molecules  is 
also  inaccuTat«  in  the  case  of  highly  ionised  BubetanceB,  yet  in  such  a  way  that  the 
two  errors  neutraliie  one  another.  Thus,  the  principle  of  ion-product  omiBtaney 
here  pven  is  in  i(«elf  fairly  exact. 


j,=,i,z<,d.vGoogIf 
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which  [C10a~]  stands.  The  molecular  material  so  produced  will  thus 
tend  at  first  to  swell  the  value  of  (KCIO,].  But  the  value  of  [KCIO,] 
cannot  be  increased,  for  the  solution  ts  already  saiuraled  with  molecules, 
so  that  the  new  supply  ot  molooulw,  or  others  in  equal  numbers, 
will  tM  i>reclpltftt«d.  Hence  the  ionic  part  of  the  dissolved  substance 
may  be  diminished,  the  equilibria  {p.  697)  may  be  partially  reversed, 
and  we  may  actually  precipitate  a  part  of  the  dissolved  material 
without  introducing  any  substance,  which,  in  the  ordinary  sense,  can 
interact  with  it. 

In  point  of  fact,  when,  to  a  saturated  solution  of  potasaum  chlo- 
rate there  is  added  a  saturated  solution  of  potaaaum  chloride  KCl  or 
of  sodium  chlorate  NaC10«,  a  predpitate  of  potassium  chlorate  is 
thrown  down.  These  two  salts,  containing  each  one  of  the  ions  of 
KClOa,  and  being  much  more  soluble  than  the  latter  (see  Table), 
increase  the  concentration  of  one  ion  and  cause  the  precipitation  in 
the  fashion  just  expluned. 

The  product  of  the  concentrations  of  the  ions,  for  example  [K^]  X 
[C10a~l,  is  called  also  the  BolubUity  product,  because  these  two  values 
jointly  determine  the  magnitude  of  the  solubihty  of  the  substance. 
The  solubility  of  the  molecules  is  irreducible,  but  the  ionic  part  of  the 
dissolved  material  may  become  vanisbingly  small  if  the  value  of  either 
[X+]  or  IY~]  is  very  minute.  The  ionic  part  of  any  particular  sub- 
stance is  made  up  of  the  smaller  of  the  two  concentrations  of  the  ionic 
substances  which  it  yields,  plus  an  equivalent  amount,  and  no  more, 
of  the  concentration  of  the  other  ion.  The  rest  of  the  other  ionic 
substance  is  part  of  the  solubility  of  some  other  component. 

Othsr  Illustrations,  —  The  precipitation  of  sodium  chloride 
from  a  saturated  solution,  by  the  introduction  of  gaseous  hydrogen 
chloride  (p.  684),  is  to  be  expluned  in  the  same  way.    The  equilibria: 
NaCl  (solid)  ^  NaCl  (dslvd)  t±  Na+  +  Ct 

are  reversed  by  the  introduction  of  adi^tional  Cl~  from  the  very 
soluble,  and  highly  ionized  HCl. 

A  steady  stream  of  hydn^en  chloride  is  often  obtfuned  by  drop- 
[nng  concentrated  sulphuric  acid  into  saturated  hydrochloric  acid: 
H+  +  Cr  T±  HCl  (dslvd)  ?±  HCl  (gas). 

The  effect  is  due  in  part  to  repression  of  the  ionization  of  the  hydro- 
gen chloride  and  eUmination  of  molecules  of  the  gas  from  the  water, 
which  b  already  saturated  with  molecules  of  the  same  kind. 

■  .,... .  Coo'ilc  ' 
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The  formation  of  potassium  hydroxide  (p.  666)  ceases  when  a 
certain  coocentration  has  been  reached.  This  occurs  because  the 
concentration  of  0H~,  which  rapidly  increases,  is  a  factor  in  the 
solubility  product  of  calcium  hydroxide,  [Ca++]  X  [OH"P.  With 
much  OH",  little  Ca++  is  required  to  give  the  constant,  numerical 
value  of  the  product.  When  the  concentration  [Ca++]  from  the 
hydroxide  has  become  about  as  smsJl  as  that  from  the  carbon&te, 
the  motive  for  the  interaction  has  been  removed.  This  printnple 
is  thus  as  important  in  industrial  operations  as  it  is  in  analytical 
and  other  laboratory  experintentation. 

Exercigea. —  1.  The  vapor  density  of  sodium  peroxide  has  not 
been  detennined.     Why  is  the  formula  NagOt  assigned  to  it? 

2,  Construct  a.  scheme  of  equilibria  (p.  687)  showmg  the  hydroly- 
ds  of  cahsum  sulphide.  Why  does  the  presence  of  calcium  hydroxide 
diminish  the  tendency  to  hydrolysis? 

3.  What  will  be  the  effect  of  adding  a  concentrated  solution  of 
diver  nitrate  to  a  saturated  solution  of  silver  sulphate  or  of  silver 
acetate  (see  Table  of  solubihtiee}? 

4.  Although  a  20  per  cent  solution  of  soap  can  eadly  be  made, 
a  0,5  per  cent  solution  can  be  salted  out  (p.  623).  How  does  this 
fact  show  that  saltii^  out  is  not  an  operation  like  the  precipitations 
just  discussed? 

5,  One  equivalent  or  less  of  concentrated  sulphuric  acid  interacts 
in  the  cold  with  sodium  carbonate  to  give  normal  sodium  sulphate, 
and  with  sodium  chloride  to  give  sodium-hydrogen  sulphate  (p.  206). 
Why  this  difference?  Which  of  the  two  products  would  be  obtained 
by  the  action  of  cold  concentrated  sulphuric  acid  on,  (o)  sodium 
sulphite,  (6)  sodium  nitrate,  .(c)  sodium  nitrite? 
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CHAPTER  XXXV 
METALuo  luamrrs  or  trb  alsaiinb  e&bths 

Calcium,  Stbontiuu,  BARimi 

The  ChemiciU  Relations  of  the  Elements.  —  The  metals  of 
this  group,  calcium  (Ca,  at.  wt,  40.07),  Btrontium  (Sr,  at,  wt.  87.63), 
and  barium  (Ba,  at.  wt.  137.37),  constitute  a  typical  chemical  family, 
both  in  the  qualitative  reaemblance  to  one  another  of  the  elements  and 
of  the  correspoading  compounds,  and  in  the  quaiititative-variatioii  in 
the  properties  with  increasing  atomic  weight.  The  metals  them- 
selvefi  displace  hydrogen  vigorously  from  cold  water,  giving  hydrox- 
ides. The  solutions  of  these  hydroxides,  although  dilute, .  on  ac- 
count of  a  rather  small  solubiUty,  are  strongly  alkaline  in  reaction. 
The  high  degree  of  ionization  of  the  hydroxides  recalls  the  hydrox- 
ides of  the  metals  of  the  alkahea,  and  their  relative  insolubility  the 
hydroxides  of  the  "earths"  (g-u,)- 

In  all  their  compounds,  calcium,  strontium,  and  barium  are  biva- 
lent. The  hydroxides  are  formed  by  union  of  the  oxides  with  water 
and  are  prc^ressively  less  ea;^  to  decompose  by  heating,  barium 
hydroxide  being  the  hardest.  The  carbonates,  when  heated,  yield  the 
oxide  of  the  metal  and  carbon  dioxide,  barium  carbonate  being  the 
most  difficult  to  decompose.  The  nitrates,  when  heated  moderately, 
pve  the  nitrites,  but  the  latter  are  broken  up  by  heating  and  yield 
the  oxide  of  the  metal,  and  nitrogen  tetroxide.  In  these  and  other 
respects  the  compounds  of  the  metals  of  the  alkaline  earths  resemble 
those  of  the  heavy  metals  and  differ  from  those  of  the  metals  of  the 
alkalies:     Barium  approaches  the  latter  most  nearly. 

The  table  of  solubilities  shows  that  the  chlorides  and  nitrates  of 
calcium,  strontium,  and  barium  are  all  soluble  in  water,  the  solubility , 
diminishing  in  the  order  given.  The  sulphates  and  hydroxidea  cover 
a  wide  range  from  slight  solubility  to  extreme  insolubility.  Of  the 
sulphates,  2000,  110,  and  2.3  parts,  respectively,  dissolve  in  one 
million  j>arte  of  water.  In  the  case  of  the  hydroxides  the  order  of 
magnitudes  is  reversed,  and  the  corresponding  numbers  are  1700, 
7700,  and  37,000.  The  cvbonates  are  almost  as  insoluble  as  is 
70J 
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barium  eulpbate.     The  element  radium  (Ra,  at,  wt,  226),  belongs  to 
this  family  (aee  under  Uranium), 

Calcium  Ca 
Occurrence.  —  The  fluoride,  and  the  various  forms  of  the  car- 
bonate, sulphate,  and  phosphate  which  are  found  in  natm«,  are 
described  below.  As  silicate,  calcium  occurs,  along  with  other  metals, 
in  many  minerals  and  rocks.  It  is  found  also  in  plants,  and  its  com- 
pounds are  important  constituents  of  the  bones  and  shells  of  animals. 

The  Metal.  —  Although  the  alkali  metals  can  be  liberated  by 
heating  the  carbonates  with  carbon,  the  metals  of  the  present  family 
are  not  obtainable  by  this  means.  This  may  be  due,  in  part,  to 
imperfect  contact  between  the  materials  in  consequence  of  the  in- 
fusibihty  of  the  oxides.  Calcium  is  most  easily  made  by  electrolyas 
of  the  molten  chloride,  to  which  calcium  fluoride  is  added  to 
lower  Hie  melting-point,  A  hollow  cylinder,  made  of  blocks  of 
carbon  bolted  together  and  open  above,  forms  the  anode.  A  pod  of 
cQpper  hanging  so  that  its  end  dips  into  the  melt  forms  the  cathode. 
The  melting  of  the  anhydrous  calcium  chloride  with  which  the 
cylinder  is  filled  is  started  by  means  of  a  thin  rod  of  carbon  lajd 
across  from  the  anode  to  the  cathode.  When  the  heat  generated 
by  the  passage  of  the  current  through  this  highly  resisting  medium  has 
melted  a  sufficient  amount  of  the  salt,  the  rod  is  removed,  and  the 
resistance  of  the  fused  material  suffices  to  maintain  the  tem[>erature. 
The  calcium  rises  round  the  cathode  and  coUects  on  the  surface  of 
the  bath.  By  slowly  elevating  the  copper  cathode,  the  calcium, 
which  adheres  to  it,  may  be  drawn  out  of  the  fused  mass  in  the  form 
of  a  gradually  lengthening,  irregular  rod.  The  rod  of  calcium  is 
kept  constantly  in  contact  with  the  metal  which  accumulates  on  the 
surface,  and  thus  forms  one  of  the  electrodes. 

Calcium  is  a  silver-white,  crystalline  metal  (m.-p.  750°,  density 
1.85)  which  is  a  little  harder  than  lead,  and  can  be  cut,  drawn,  and 
rolled.  Only  four  metals  (p.  645)  are  better  conductors  of  electridty. 
It  interacts  vigorously  with  water.  When  dry  and  cold  it  is  inactdve, 
but  when  heated  it  unites  vigorously  with  hydrogen,  oxygen,  the  halo- 
gens, and  nitrogen.  It  bums  in  the  air,  giving  a  mixture  of  the  oxide 
and  nltrido  Cfl«Ns.  The  presence  of  the  latter  may  be  shown  by  the 
Uberation  of  anomonia  when  water  is  brought  in  contact  with  the 
readue: 

Ca^t  +  6H,0  -*  3Ca{0H),  +  2NH,T. 
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Calcium  Hydride  CaHi.  —  The  white  crystaUine  hydride  CaHi 
is  fonned  by  direct  union  of  the  constituents.  It  ia  known  in 
commerce  as  hydro^ta,  and  is  an  expensive,  but  portable  source 
of  hydrt^en  for  filling  war  balloons:  CaH,  +  2H,0  ->■  CaCOH), 

Calcium  Chloride  CaClf  —  Calcium-ion  is  present  in  small 
amount  in  aea^water,  and  hence  CMnpounds  containing  calcium 
chloride,  such  as  tachydrite  CaClftMgClj,12HsO,  are  found  in  salt 
deposits.  Hie  salt,  for  which  there  is  no  extenave  commercial 
application  (c^.  p.  688),  is  formed  in  large  quantities  as  a  by-product 
in  several  industrial  operations.  Thus,  it  arises  in  the  liberation  of 
ammonia  from  ammonium  chloride  by  the  action  of  lime,  in  the 
manufacture  of  potassium  chlorate  (p.  481),  and  in  the  Solvay  soda" 
process  (p.  688).  By  evaporation  of  any  solution  the  bexal^drate 
of  the  Bait,  CaCIiiCHgO,  is  obt^ned  \a  large,  deliquescent,  lix-eided 
prisms.  On  account  of  the  great  concentration  of  a  saturated, 
solution  of  this  compound,  the  solid  and  solution  do  not  reach  a 
condition  of  equilibrium  with  ice  ((^.  p.  200)  until  the  temperature  has 
fallen  to  —50°.  Tlie  freezing  mixture  is  best  made  with  the  hydrate, 
and  not  with  the  anhydrous  salt,  as  the  latter  ^ves  out  much  heat 
in  becoming  hydrated  (dissolvii^ .  The  former  absorbs  heat  in  lique- 
fying, as  all  solids  do. 

There  are  several  other  hydrates  of  calcium  chloride  contdning 
lees  than  6HiO,  and  those  containing  less  water  have  lower  aqueous 
tensions  {qf.  p.  153)  than  have  those  containing  more.  By  elevating 
the  temperature,  however,  it  is  easy  to  raise  the  aqueous  tenMon  even 
of  the  monohydrate  until  it  exceeds  the  partial  pressure  of  water  vapor 
in  ordinary  moist  wr,  and  bo  to  drive  out  the  water.  To  perform  this 
rapidly,  a  temperature  of  over  200°  is  required.  The  partially  de- 
hydrated calcium  chloride  CaCli,2HiO  forma  a  porous  mass  which  is 
used  in  chemical  laboratories  for  diying  gases  and  liquids.  Usually 
the  dehydration  is  left  incomplete,  as,  at  the  temperature  required  to 
complete  it  rapidly,  some  interaction  with  the  water  occurs:  CaClj  + 
HjO  — ♦  CaO  +  2HC1,  and  a  little  free  alkali  is  present  in  the  product. 
When  calcium  chloride  is  used  as  a  drying  agent,  it  ia  naturally  able 
to  reduce  the  partial  pressure  of  the  water  vapor  only  to  the  value  of 
the  aqueous  tension  of  the  hydrate  which  is  present,  and  no  further. 
Even  at  low  temperatures  the  aqueous  tenaons  of  hydrates  are 
always  perceptible  (qf.  p.  152).  Concentrated  sulphuric  acid  is  a 
more  thorou^  drying  agent  than  is  calcium  chloride,  and  phosphorus 
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pentoxide,  whose  hydrated  form  (metaphoBphoric  acid)  has  bo  observ- 
able aqueous  tension,  is  better  still. 

Calcium  chloride  forms  molecular  compounds,  not  only  with 
•vr&tet,  but  also  with  ammonia  CaClt,8NHi  and  with  alcohol.  For 
drying  these  substances,  therefore,  quicklime  is  employed.  Hydro- 
gen sulphide  interacts  with  the  salt,  ^ving  hydrogen  chloride,  which 
renders  the  gas  impure.  This  gas  ia  therefore  dried  with  phosphorus 
pentoxide. 

Calcium  Fluoride  CaFt.  —  This  compound  occurs  in  nature  as 
fluorite  or  fluor-spar  CaFt.  It  crystallizes  iu  cubes,  is  insoluble  in 
water,  and  when  pure  is  colorless.  Natural  specimens  often  possess  a 
green  tint  or  show  a  violet  fluorescence.  It  is  formed  as  a  precipi- 
tate when  a  soluble  fluoride  is  added  to  a  solution  of  a  salt  of  calcium. 

Fluorite  is  used  in  the  etching  of  glass,  as  the  source  of  the  hydro- 
gen fluoride  (p.  281).  It  is  easily  fusible,  as  its  name  indicates  (Lat. 
fiuere,  to  flow),  and  is  employed  in  metallurgical  operations,  for  the 
purpose  of  lowering  the  melting-point  (or  freezing-point,  which  ia 
the  same  thing,  qf.  p.  144)  of  the  slag  (p.  653),  and  so  facilitating 
the  separation  of  the  latter  from  the  metid. 

Calcium  Carbonate  CaCO^,  —  This  compound  is  found  very 
plentifully  in  nature.  Limestone  is  a  compact,  indistinctly  crystal- 
line variety,  while  marble  is  a  distinctly  cryst^ine  form.  Chalk* 
is  a  deposit  consisting  of  the  calcareous  parts  of  minute  organisms; 
and  egg-ahella,  oyster-shells,  coral,  and  pearls  are  other  varieties  of 
organic  origin.f  A  laminated  kind  of  luuestone  found  at  Solnhofen 
is  used  for  hthographic  work.  Calcite  and  Iceland  spar  (Ger,  apalien, 
to  split)  are  pure  crystallized  calcium  carbonate.  The  former  occurs 
in  flat  rhombohedrons,  or  in  pointed,  sbt-eided  crystals  (Fig,  68,  p.  172) 
known  as  scalenohedrons  ("dog-tooth"  spar)  ijelonging  to  the  same 
system,  AH  the  crystals  split  with  ease  parallel  to  three  planes  of 
cleavage,  giving  rhombohedrons  of  the  shape  shown  in  Fig.  69  (p.  173), 
but  this  nearly  cubical  form  is  itself  seldom  found  m  nature.  An 
entirely  different  cryatalUzed  variety  is  known  as  aragonlta.  This 
belongs  to  the  rhombic  system,  although  complex  crystals  ("twins") 
of  hexagonal  outhne  constitute  the  most  famihar  specimens.  Ara- 
gonite,  when  heated  gently,  resolves  itself  into  a  mass  of  minute 

*  Blackboard  "crayon"  ia  usuaUy  made  oS  gypsum,  and  not  of  chalk. 
t  The  hard  coverings  of  Crustacea  and  inseota  are  not  made  of  this  BubetanM^ 
but  of  an  o^anio  material  called  «*i<Ht^, 
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oryBtals  of  calcite,  and  the  latter  is  the  more  stable  form  of  the  sub- 
stance. When  calcium  carbonate  ia  produced  by  precipitation  it  is 
at  first  amorphous  but  slowly  becomes  crystalline.  In  cold  liquids 
the  resulting  crystals  are  calcite;  but  in  warm  solutions  the  less  stable 
form,  that  of  aragonite,  is  first  assumed. 

When  heated,  calcium  carbonate  dissodates,  ^ving  cartxm  diox- 
ide and  quicklime 

CaCO,?=tCaOH-CO,. 

At  ordinary  temperatures  the  decomposition  is  imperceptible.  On 
the  contrary,  atmospheric  carbon  dioxide,  in  spite  of  its  very  low 
partial  pressure,  combines  with  quicldime,  ^ving  "air-slaked"  lime. 
As  the  temperature  rises,  however,  tlu  tenMoa  of  carbon  dioxide 
coming  from  the  carbonate  increases,  an<i  hM  a  flzod  valuo  for  mdi 
tamperature.  If  it  is  continually  allowed  to  escape,  so  that  the 
mft.TimiiTn  preflsure  is  not  reached,  the  whole  of  tiie  salt  eventually 
decomposes.  If,  on  the  other  hand,  the  gas  is  confined,  the  system 
reaches  a  condition  of  equiUbrium.  Attempts  to  increase  the  pres- 
sure on  the  gas  beyond  the  dissociation  pressure  proper  to  the  existing 
temperature,  result  in  recombination.  At  700°  the  pressure  ia  only  25 
mm.,  at  900°  it  reaches  an  atmosphere,  and  at  950°  two  atmospheres. 
The  phenomenon  is  similar  to  the  dissociation  of  barium  peroxide 
(p.  82)  and  to  the  evaporation  of  a  liquid  (p.  145). 

Limestone  ia  ussd  in  the  manufacture  of  quicklime  {q.v.)  and  of 
glass.  It  is  employed  largely  as  a  flux  in  metallurgy,  when  miner^ 
rich  in  ^ca  are  brought  into  fusible  form  by  the  production  of  caldum 
silicate  CaSiOj.  Large  amounts  also  find  application  as  buildii^- 
stone. 

limestone  is  soluble  in  water  containing  carbonic  add,  giving 
oddum  bleu1>(»ut«  Ca(HCOi)i  (p.  141,  also  see  p.  722).  By 
solution  of  limestone,  caves  are  c^ten  formed.  Conversely,  sub- 
terranean water  containing  the  bicarbonate,  when  it  reaches  such  a 
cavern,  loses  carbon  dioxide  and  deposits  calcium  carbonate  aa 
■talMtltM  or  columns  hanging  from  the  ceiling.  The  drippings 
form  tUlacmttM  on  the  floors. 

The  Phiue  RuU,  a  Method  tff  Cltanfying  all  Syatenu  in 
Equilibrium.  —  The  formal  resemblance  that  we  have  just  shown 
to  exist  between  the  modes  of  behavior  of  a  system  composed  of 
water  and  water-vapor  in  physical  equilibrium,  on  the  one  hand,  and 
of  a  system  made  up  of  calcium  oxide,  carbon  dioxide,  and  undecom< 
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posed  calcium  carbonate  in  chemical  equilibrium,  on  the  other,  is  not  a 
coincidence.  A  study  of  all  kinds  of  systems  in  equilibrium  shows 
tiiat  their  different  modes  of  behavior  are  limited  in  variety  and  can 
be  clasEofied  in  a  very  mmple  way. 

The  cat^ones  used  for  classification  are:  (1)  the  Indspmidviit 
oompoiMiiti  in  the  system,  and  their  number;  (2)  the  distinct,  physi- 
cally separable  parts  or  phasos  (p.  192)  of  the  syston,  and  their 
number;  and  (3)  the  condltioiu  —  temperature,  pressure,  and  concen- 
tration ;  and  (4)  the  degrM  of  variability  In  the  condltbnu  which  is  pos- 
sible without  ths  oocunvnoo  of  a  ohanffs  in  the  niuober  of  the  phasM. 

The  mode  of  emplayment  of  these  three  cat^^ries  may  be  illus- 
trated in  the  order  of  their  mcDtion: 

X.  In  the  water  and  water-vapor  system,  water  is  ihs  only  com- 
ponetU.  Id  the  calcium  qarbooate  syst^n,  the  independent  oom- 
ponenta  are  tvxt  in  number,  calcium  oxide  and  carbon  dioxide. 

2.  In  tiie  water  and  water-vapor  system,  there  are  tv>o  phases,  the 
liquid  phase  and  the  vapor  phase.  In  the  ralcium  carbonate  syst«n 
there  are  three  -pfwisea  —  two  solid  phases,  the  carbonate  and  oxide, 
and  one  gaseous  phase,  the  carbon  dioxide. 

3.  In  the  water  and  water-vapor  system  either  the  temperature 
or  the  pressure  may  be  altered,  within  certain  limits,  at  will.  But, 
whichever  one  of  these  two  conditions  It  be  that  is  tiiua  changed,  the 
preservation  of  the  tvx)  phases  will  at  once  require  a  simultaneous 
modification  in  the  other  condition,  of  such  a  nature  as  will  suit  tlie 
new  value  of  the  first.  Thus,  if  the  pressure  upon  the  vapor  is  raised, 
the  vapor  phase  will  be  destroyed  (p.  146)  unless  the  temperature  is 
dmultaneously  elevated  to  a  certain  definite  point  (p.  146).  Sim- 
ilarly, if  the  temperature  is  raised,  the  liquid  phase  will  pass  into 
vapor  unless  a  sufficient  increase  in  the  pressure  is  simultaneoudy 
effected.  There  is  therefore  one,  and  only  one  degree  of  variability  in 
the  conditions  —  the  system  is  unirariaiit.  The  experimenter  has 
only  one  free  choice,  and  after  he  has  made  this  choice,  the  other 
ctmdition  oecessaiy  to  preserve  the  number  of  phases  is  determined 
by  the  system.  '  By  a  study  of  the  calcium  carbonate  system,  as 
described  above,  it  will  be  seen  that  it  ^so  is  a  univariant  system. 

A  partial  generalization  of  these  results  leads  to  the  coDcluBioa 
tiiat  when  the  number  of  the  phases  exceeds  the  number  of  the  cnnpo- 
neots  by  one,  the  system  is  univariant.  Additional  illustrationa  are 
now  required  for  reaching  a  still  more  general  statement. 

If  ioe  be  added  to  the  water  and  water-vapor  system,  and  the 
t^tem  be  allowed  to  reach  equilibrium  with  all  three  [diaaeB  prea^it, 
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we  find  OD  analyzing' aa  before:  one  compon^it  (water),  three  phases 
(solid,  liquid,  and  gaseous),  and  no  variabiUty  in  the  system.  Neither 
temperatuie  nor  presssuie  may  be  altered  without  ensuing  disappear- 
ance of  one  or  other  of  the  three  phases.  This  system  is  ther^ore 
InTariant. 

It  thus  appeals  that  with  an  equal  number  of  components,  the 
more  phases  we  have,  the  more  restricted  are  the  fwssibihties  of 
change  in  the  conditions.  When  the  number  of  phases  equals  the 
number  of  components,  the  system  is  bivariant;  when  the  number  of 
phases  exceeds  the  niuuber  of  cximponenta  by  one,  the  system  is  uni- 
variant;  when  tlie  number  of  phases  exceeds  the  number  of  oompo- 
nents  by  two,  the  system  is  invariant,  and,  in  general, 

CotiqKmuils  +  3  =■  PhaaM  +  Variabls  condJtloni. 

The  law,  of  which  this  equation  is  the  most  compact  expression,  is 
known  as  the  pbaM  nil«,  and  was  fii^t  formulated  by  WUlard  Gibbs, 
of  Yale  Uoiversity.  It  applies  to  physical  and  chemical  equilibria 
without  distinction,  and  involves  no  conuderalion  of  molecules  or 

Thus,  the  formal  resemblance  between  the  dissociatitm  phenomena 
exhibited  by  calcium  carbonate  and  other  compounds,  on  the  one  hand, 
and  the  behavior  of  a  liquid  in  contact  with  its  vapor  on  the  other,  is 
due  simply  to  the  fact  that  in  each  case  the  number  of  phases  exceeds 
the  number  of  components  by  one.  This  will  be  foimd  to  hold  in  all 
cases  where  there  is,  at  each  temperature,  a  constant  diasodation 
pressure.  A  decomposing  hydrate,  for  example,  furnishes  such  a 
case.  The  system  is  made  up  of  one  gaseous  phase  (water-vapor) 
and  two  solid  phases  (the  hydrate,  and  the  anhydrous  substance  or  a 
lower  hydrate).  It  has  three  phases  and  two  components  (water  and 
the  anhydrous  substance),  and  is,  therefore,  univariant. 

Again,  when  we  have  a  sharp  transition-point  at  a  fixed  temper- 
ature, that  is,  a  unique  temperature  at  which  alone  several  different 
states  of  aggr^atioD  of  a  substance  can  co-enst  (p.  144),  the  system 
is  always  invariant.  Thus,  ice  and  water  (and  vapor)  oo-enst  at  the 
melting-point  of  ice:  three  phases  and  one  component.  Again,  at 
96°  two  solid  forms  of  sulphur  (p.  412)  co-exist  with  sulphur  vapor. 
In  these  cases  the  change  which  takes  place  at  the  tranMtion  point  is 
purely  physical.  Analogous  cases  in  which  the  change  is  a  chemical 
one  are  equally  familiar.  The  decahydrate  of  sodium  carbonate 
decomposes  (p.  689)  above  35.2''.  At  this  temperature  the  deca- 
hydrate and  the  monohydrate  co-exist  with  the  saturated  solutimi 

_   t;oosic 
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and  water-vapor:  four  phases  and  two  components.  The  syBt«m  is, 
therefore,  mvariant.  The  cases  of  gypsum  (see  p.  718)  and  sodium 
sulphate  (p.  193)  are  siioilar. 

In  the  case  of  barium  peroxide,  it  has  been  found  by  Hildebrand 
that,  as  a  given  specimen  decomposes  at  a  fixed  temperature,  it  does 
notffve  a  constant  pressure  of  oxygen,  but  a  continuously  diminish- 
-  ing  pressure.  This  shows  that  the  two  solid  phases,  BaO  and  BaOt, 
are  not  independent  of  one  another,  otherwise  the  latter  would  pve 
the  same  pressure  of  oxygen  until  it  was  all  decompoeed.  These 
substances  must  be  soluble  in  one  another,  giving  a  solid  aolutiop, 
and  therefore  a  single  phase.  This  introduces  a  second  variable, 
namely  the  concentration  of  this  soUd  solution.  The  same  thing  has 
been  observed  with  the  carbonates,  so  that  CaO  and  CaCO*  are 
mutually  soluble,  and  the  dissociation  pressure  is  not  strictly  constant, 
but  varies  with  the  proportions  in  which  the  solids  are  present,  as 
well  as  with  the  temperature. 

CtUdum  Oxide  CaO.  —  Pure  oxide  of  calcium  (quleUlma)  may 
be  made  by  ignition  of  pure  marble  or  calcite.  For  commercial 
purposes  limestone  is  converted  into  quicklime  in  kilns  (Fig.  145). 
In  the  United  States  the  "long-flame" 
process,  in  which  the  kiln  is  first 
chained  with  limestone  and  a  fire 
is  then  kindled  in  a  cavity  left  at 
the  bottom,  is  the  one  most  com- 
monly used.  Elsewhere,  the  lime- 
stone and  coal  are  thrown,  in  alter- 
nate layers,  into  the  kiln,  aud  the 
products  are  withdrawn  at  the  bot- 
tom. The  latter,  the  "short-flame" 
method,  demands  less  fuel,  snce  the 
operation  is  continuous,  and  tlie 
structure  is  never  allowed  to  cool, 
but  the  quicklime  is  mixed  with  the 
Pia.  i«.  ^h  of  the  coal.    In  both  cases,  the 

flames  and  heated  gases  from  the  fire 
pass  between  the  pieces  of  limestone,  and  the  carbon  dioxide  lib- 
erated is  carried  off  by  the  draft-  When  the  gas  is  to  be  used 
in  the  Solvay  process  or  in  the  refining  of  sugar,  coke  (srookeiless), 
instead  of  coal,  is  employed  as  the  fuel.  As  low  a  t^npersture 
as  possible  is  used.     A  high  temperature  causes  impuriUes  in  the 
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Hmestone  (e.g.,  clay)  to  interact  with  the  quicklime,  fpving  fusible 
alicates,  which  fill  the  pores  and  interfere  with  the  sutKiequent  slaking 
with  water.  Since  the  change  is  reversible,  if  the  gas  lingers  in  the 
kiln  {at  760  mm.  pressure),  a  temperature  over  900°  is  required 
to  drive  the  action  forward  (p.  705).  Hence,  a  good  draft,  which 
removes  the  gas  as  fast  as  it  is  formed,  permits  the  use  of  a  lower 
temperature. 

Pure  calcium  oxide  is  a  white,  porous  solid.  It  is  infusible  even  in 
the  oxyhydrogen  flame,  but  may  be  melted  and  boiled  in  the  electric 
arc.  It  is  not  reducible  by  sodium,  or  by  carbon  excepting  at  the 
temperature  of  the  electric  furnace. 

Calcium  Hydroxide  Ca(OH)t.  —  When  water  is  poured  upon 
qvucklime  it  is  first  absorbed  into  the  pores  mechanically.  The 
diemical  union  by  which  the  hydroxide  is  formed: 

CaO  +  HtOf±Ca(OH)„ 

proceeds  slowly.  When  it  is  complete,  the  product  is  a  fine  powder 
occupying  a  lai^er  volume  than  the  original  materials.  Much 
heat  is  evolved,  and  part  of  the  water  is  driven  off  as  steam.  The 
action  is  reversible,  and  at  a  high  temperature  the  hydroxide  can  be 
dehydrated.  Quicklime  from  pure  limestone  slakes  easily,  and  is 
known  as  "fat"  lime.  That  made  from  material  containing  clay  or 
magnesium  carbonate  ia  "poor"  lime.  The  latter  slakes  slowly 
and  often  incompletely,  and,  when  used  for  mortar,  does  not  harden 
so  satisfactorily. 

Calcium  hydroxide  ia  slightly  soluble  in  water  (Um«wat«r),  600 
parte  of  water  dissolving  1  part  of  the  hydroxide  at  18°,  about  twice 
as  much  water  beii^  required  at  100°.  The  solution,  relatively  to 
ite  concentration,  is  strongly  alkaline.  On  account  of  ite  cheapness, 
this  substance  is  used  by  manufacturers  in  almost  all  operations 
requiring  a  base,  and  it  thus  occupies  the  same  position  amongst 
bases  that  sulphuric  acid  does  amongst  acids.  When  the  presence  of 
much  water  is  unnecessary  or  undesirable,  a  suspension  of  the  solid 
hydroxide  in  the  saturated  solution  ("milk  of  lime"),  or  even  a  paste, 
is  employed.  .  In  such  cases,  as  in  the  manufacture  of  caustic  alkalies 
(p.  666),  the  action  takes  place  with  the  part  which  is  at  the  moment 
in  solution,  and  proceeds  through  the  continual  readjustment  of  a 
complex  set  of  equilibria.  Caustic  lime  is  employed  in  the  manu- 
facture of  alkalies   (p.  666),  bleaching  powder,  and  mortar   (se« 
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below),  the  removal  of  the  hair  from  bides  in  prepaiation  for  tanning, 
the  sc^tenii^  of  water,  and  as  a  whitewasli. 

Mwtar.  —  Mortar  ia  made  by  mixing  water  with  slaked  lime 
and  a  large  proportion  of  sand.  The  "'hardening"  process  conaista 
in  an  interaction  of  the  carbon  dioxide  of  the  air  with  the  calcium 
hydroxide: 

CO,  +  Ca(OH), -♦  CaCO,  +  HiO. 

After  the  auperficial  parta  have  been  chfmged,  the  process  goes  on 
very  slowly,  and  many  years  are  required  before  the  deeper  layers 
have  been  transfonned.  The  minute  crystals  of  calcium  carbonate 
which  are  formed  are  interlaced  with  the  sand  particles,  and  a  rigid 
mass  is  finally  produced.  The  sand  is  useful  in  two  ways.  In  the 
first  place,  it  makes  the  whole  material  more  porous,  and  so  facilitates 
the  diffusion  of  the  gas  into  the  interior.  In  the  second  place,  since 
the  sand  is  not  itself  altered,  its  presence  prevents  the  formation  of 
large  cracks  which  would  otherwise  arise  from  the  shrinkage  that 
accompanies  the  formation  of  the  carbonate.  The  "hardening" 
does  not  begin  until  the  excess  of  water  used  in  making  the  mortar  has 
evaporated,  and  hence  ordinary  mortar  is  unsuitable  for  use  in  damp 
places  such  as  cellars. 

Calcium  Oxalate  CadOt.  —  This  salt  may  be  observed  under 
the  microscope  in  the  cells  of  many  plants.  _It  appeara  in  the  form 
of  needle-shaped  or  of  granular  crystals.  Since  it  is  the  least  soluble 
salt  of  calcium,  its  formation  Is  used  as  a  test  for  calcitun-ion.  Cal- 
cium is  estimated  quantitatively  by  adding  ammonium  oxalate  to 
the  neutral  or  sUgbtly  alkaline  solution  of  the  calcium  sfdt.  The 
precipitate  is  separated  by  filtration,  washed  with  water,  and  then 
heated  strongly  (Icnitsd)  in  a  crucible.  The  product  wedgbed  is 
calcium  oxide,  CaCO*  — » CaO  +  CO,  +  CO.  More  often,  perhaps, 
the  oxalate  is  ignited  with  sulphuric  acid,  and  the  caldum  wdghed  as 
sulphate. 

Theory  qf  PretiintaHon.  —  The  precipitation  of  calcium  <na- 
late  CaCO*,  just  referred  to,  is  a  typical  one  and  may  be  used  to 
illustrate  the  application  of  ion-product  const^cy  (p.  698)  to  explain- 
ing the  phenomenon.  The  same  explanation  serves  for  eiII  precipita- 
tiooa  involving  double  decomposition. 

The  first  thing  to  be  remembered  is  that  the  precipitate  which  we 
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observe,  however  insoluble  its  material  may  be,  does  not  include  aU 
of  the  substance,  but  only  the  excess  beyond  what  is  required  to 
saturate  the  :water.  Tha  liquid  lurroimdliic  tha  pr«G^tat«  Is  alwaji 
a  Mtuntad  lolutloii  of  th«  lubstanoa  prae^tatsd.  If  it  were  not  so, 
some  of  the  precipitate  would  dissolve  until  the  liquid  became  satu- 
rated.' Thus,  for  example,  when  we  add  ammonium  oxalate  solution 
to  calcium  chloride  solution: 

0^^°;5^^;+.<5?'=)^C(iO.(d»W)>=.CaCO."(»lid), 

the  liquid  is  a  saturated  solution  of  calcium  oixalate,  with  the  excess 
of  this  salt  suspended  in  it  as  a  precipitate. 

Looking  at  the  matter  from  this  viewpcnnt,  we  perceive  the 
appHcation  of  the  rule  of  ion-product  constancy.  In  this  saturated 
solution  (p.  698)  the  product  of  the  ion-concentrationB,  [Ca*^]  X 
[Ci04~],  is  constant.  If  the  original  soluti(His  had  be^i  bo  very  dilute 
that,  when  they  were  mixed,  the  product  of  the  concentraiions  of 
these  two  ions  had  not  reached  the  value  of  this  constant,  no  predpUo' 
tion  would  Aove  occurred.  As  a  matter  of  fact  the  ion-product  consid- 
erably exceeded  the  requisite  value,  and  hence  the  salt  was  thrown 
down  until  the  balance  remainii^  gave  the  numerical  value  in  ques- 
tion. The  rule  for  vtmotpltMon,  then,  is  as  follows:  Wtuaumr  th* 
product  of  tha  eone«ntxatl(HU  of  auj  two  iona  In  a  mlxturo  ncoods  th* 
Talus  of  tba  lon-prodaet  in  a  laturated  loitttion  of  the  ooiiq»ouiid 
tonaied  by  tholr  union,  this  eontpound  will  be  preotpltaMd.  Naturally 
the  substances  with  small  solubUities,  and  therefore  small  ion-prod- 
uct constants,  are  the  ones  most  frequently  formed  as  precipitates. 

In  the  case  of  calcium  oxalate,  the  molar  solubihty  (see  Table) 
is  0.0(43.  In  so  dilute  a  solution  the  substance,  being  a  salt  (p. 
369),  must  be  practically  all  ionized.  £acA  molecule  gives  one 
ion  of  each  kind.  The  molar  concentrations  of  these  ionic  sub- 
stances, Ca'^"*'  and  CiO«~,  in  the  sohdion,  when  the  solid  is  also  present, 
must  therefore  be  (practically)  0.0*43,  each.  The  product  [Ca++] 
X  [CtOi=]  is  ttius  equal  to  0.0443  X  0.0*43  or  0.0b185.  If  m  mbdng 
the  solutions,  exactly  equivalent  quantities  were  not  employed,  the 
values  of  the  two  factors  will  not  be  equal,  but  the  produ^  will  in  any 
s  this  value. 


Rule  for  Solution  of  Substances. — The  rule  for  tohitloii  of  any 

ionogen  follows  at  once  from  the  foregoing  consideratious,  and  may  he 
formulated  by  changing  a  few  of  the  words  in  1^  rule  just  pvea: 
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Whsnersr  Uta  product  of  tha  conMntrftUotu  of  anr  two  bmt  In  a  miz- 
tUT«  to  less  than  tha  raluo  of  th«  Ion-product  In  &  uAurstvd  soIttUom 
of  tb«  compound  fonn»d  br  tlulr  union,  tlila  oonqwundi  if  preaent  in 
the  solid  form,  will  be  atMotveO,  When  applied  to  the  simplest  case, 
this  rule  means  that  a  substance  will  dissolve  in  a  liquid  not  yet  satu- 
rated with  it,  but  will  not  dissolve  in  a  liquid  already  saturated  with 
the  same  material.  The  value  of  the  rule  lies  in  its  application  to  the 
lees  simple,  but  equally  common  cases,  such  as  when  an  insolu- 
ble body  is  dissolved  1^  interaction  with  another  substance  (next 
section). 

Applications  of  the  Rule  for  Solution  to  the  SoluHon  t^ 
Insoluble  Substances.  —  So  loi^  as  a  substance  renuuns  in  pure 
water  its  solubility  is  &xed.  Thus,  with  calcium  hydroxide  at  18', 
-  the  system  com«s  to  reet  when  0. 1 7  g.  per  100  c.o.  of  water  (0.(^  nudes 
per  liter)  have  gone  into  solution: 

Ca(OH),  (aoUd)  ^  Ca(OH).  (dslvd)  f±  Ca++  +  20H-. 

But  if  an  additional  reagent  which  can  combine  with  either  one  of  the 
ions  is  added,  the  concentration  of  this  ion  at  once  beoomes  less,  the 
ion-product  therefore  tends  to  diminish,  and  further  solution  must 
take  place  to  restore  its  value.  Thus,  if  a  little  of  an  add  (giving  H+) 
be  added  te  the  solution  of  calcium  hydroxide,  the  union  of  0H~  and 
H+  to  form  water  removes  the  0H~,  and  solution  of  the  hydroxide 
proceeds  until  the  acid  is  used  up.  There  are  now  more  Ca~^  than 
0H~  ions  present,  but  the  ion^oduet  reaches  the  same  value  as  before, 
and  then  the  change  ceases.  If  a  further  supply  of  acid  ia  added,  the 
removal  of  0H~  to  form  HiO  begins  again.  With  excess  of  the  acid, 
the  only  stable  0H~  concentration  is  that  which  is  a  factor  in  the  very 
minute  ion-product  of  water,  [OH"]  X  [H+],  which  is  0.0.1  X  O.Oil, 
or  O.Oul.  Hence,  with  excess  of  acid,  the  calcium  hydroxide,  which 
requires  in  general  a  much  higher  concentration  of  0H~  than  this  to 
precipitate  it  or  to  keep  it  out  of  solution,  finally  all  dissolves. 

More  specifically,  if  we  assume  that  the  caldum  hydroxide  is 
wholly  dissociated  in  so  dilute  a  solution  (which  is  nearly  true), 
each  molecule  forms  one  ion  of  Ca^*-'-  and  two  ions  of  0H~.  That 
is,  each  mole  of  Ca(OH)t  gives  one  mole  of  Ca+^  and  two  moles 
of  OH".  As  the  saturated  solution  contains  0.02-  moles  of  the 
base,  the  molar  concentration  (assuming  complete  dissociation) 
of  |Ca++l  is  0.02  and  of  [OH"]  is  0.04.  Now,  the  ion-product  is 
the  product  of  the  concentrations  of  all  the  ions  fonned,  t.e.,  Ca'^, 
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OH"*,  and  0H~.  The  value  of  the  product  is  therefore  [Ca"*^] 
X  [OH^l  X  [0H-]  or  [Ca++]  X  [OH"]*.  That  ia,  0.02  X  0.04*  - 
0.0*32.  Note  that  if  the  molecule  ^ves  two  (or  three)  ions  of  the 
same  kind,  the  whole  concentration  of  that  ion  taken,  and  is  also 
raised  to  the  second  {or  third)  power. 

This  particular  action  is  a  neutralization  of  an  insoluble  base. 
But  the  other  kinds  of  actions  by  which  insoluble  ionogens  pass  into 
solution  all  resemble  it  closely,  and  differ  only  in  details.  The  gen- 
eral outlines  of  the  explanation  are  the  e^e  in  every  case.  We  pro- 
ceed now  to  apply  it  to  the  common  phenomenon  of  the  solution  of  im 
insoluble  salt  by  an  acid. 

Interaction  of  /resoluble  Salts  uiith  Acids,  Resulting  in 
Solution  of  the  Salt.  —  Calcium  oxalate  passes  into  solution  when 
in  contact  with  acids,  especially  active  acids.  With  hydrochloric- 
acid,  it  gives  calcium  chloride  and  oxalic  acid,  both  of  which  are 
soluble; 

CaCW*  T  +  2HC1 7=t  CaCI,  -|-  HjCi04.  (1) 

The  action  of  acids  upon  insoluble  salts  is  so  frequently  mentioned  in 
chemistry  and  is  so  important  a  factor  in  analytical  operations  that  it 
demands  separate  discusEdon.  This  example  is  a  typical  one  and  may 
be  used  as  an  illustration. 

According  to  the  rules  already  explained  (p.  711),  calcium  oxalate 
(or  any  other  salt)  is  precipitated  when  the  numerical  value  of  the 
product -of  the  concentrations  of  fche  two  requiate  ions  [Ca+^]  X 
[C)04=]  exceeds  the  value  of  the  ion-product  for  a  saturated  solution 
of  calcium  oxalate  in  pure  water,  that  is,  exceeds  0.0tlS5  (p.  711). 
When,  on  the  contrary,  the  product  of  the  concentrations  of  the  two 
ions  falls  below  the  limiting  value,  a  condition  which  may  arise  from 
the  removal  in  some  way  either  of  the  Ca"*^  or  of  the  CiO*"  ions,  the 
imdissociated  molecules  will  ionize,  and  the  solid  will  dissolve  to 
replace  them  imtil  the  ionic  concentrations  necessary  for  equilibrium 
with  the  molecules  have  been  restored  or  until  the  whole  of  the  solid 
present  is  consumed.  Here  the  oxalate-ion  from  the  caldum  oxalate 
combines  with  the  hydrogen-ion  of  the  acid  (usually  an  active  one) 
which  has  been  added,  and  forms  molecular  oxalic  acid: 

CaO*=  +  2H+  fct  HjCiO*.  (2) 

Hence,  dissociation  of  the  dissolved  molecules  of  calcium  oxalate  pro- 
ceeds, being  DO  longer  balanced  tiy  encounters  and  unions  of  the  now 
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depleted  ions,  and  this  disaociatjon  in  turn  leads  to  solution  oi  other 
molecules  from  the  predpitate. 

It  will  be  seen  that  the  removal  of  the  ions  in  this  fashion  can 
result  in  con^derable  solution  of  the  salt  only  when  the  acid  produced 
is  a  feebly  ionized  one.  Here,  to  be  specific,  the  concentration  oi 
the  CiOi^  in  the  oxalic  acid  equilibrium  (2)  above  must  be  less  than 
tbait  of  the  same  ion  in  a  saturated  calcium  oxalate  solution.  Now 
(Bcalic  acid  does  not  belong  to  the  least  active  class  of  acids,  and  its 
pure  solution  contains  a  considerable  concentration  of  CiO*'.  There 
is,  however,  a  decisive  factor  in  the  situatiim  which  we  have  not  yet 
token  into  account.  The  hydrochloric  acid  whieh  We  used  for 
dissolving  the  precipitate  is  a  very  highly  ionized  acid  and  gives  an 
enormously  greater  concentration  of  hydrogen-ion  than  does  oxalic 
acid.     Hence  the  hydrogen-ion  is  in  excess  in  equation  (2),  and  the 

condition  for  equilibrium,  ^ —     ^      *  *  =  K,  will  be  satisfied  by 

a  correspondiiysly  small  coucentmtion  of  C»0«~.  In  this  particular 
case,  therefore,  the  ICiO^']  of  the  oxatic  acid  ia  less  than  that  given 
by  the  caldum  oxalate.  The  whole  chaise,  therefore,  depends  for 
its  accomplishment,  not  only  ou  the  mere  presence  of  hydrogen-ion, 
but  im  the  r^aression  of  the  ionization  of  the  oxalic  acid  by  the  great 
excess  of  hydrogen-ion  furnished  by  the  active  acid  that  has  been  used. 
As  a  matter  of  fact,  we  find  that  a  weak  acid  like  acetic  acid  has 
scarcely  any  effect  upon  a  pretnpitate  of  calcium  oxalate.  An  acid 
stroi^r  than  oxalic  acid  must  be  «nployed.\  The  whole  scheme  of 
the  equilibria  is  as  follows: 

CaC04  (solid)  tr CaC»0*  (dslvd)  t?Ca+++CsO.=)_,  „  p  r,  ,..,., 
2Ha  fcF2Cr+2H+    |'^^'-»u*(a8«vd;. 

When  excess  of  an  acid  sufficiently  active  to  furnish  a  large  concentra- 
tion of  hydrogen-iou  is  employed,  the  last  equihbrium  is  then  driven 
forward  and  the  others  follow.  With  addition  of  a  weak  acid,  only  a 
slight  displacement  occurs,  and  the  system  comes  to  rest  again  when 
the  molecular  oxalic  acid  has  reached  a  sufficient  concentration. 

A  It" T— ""**""  may  be  based  on  these  considemtions:  an  Inwd- 
uble  salt  of  a  gtfm  add  wlU  in  K«neral  Interact  and  dliKdva  wbm 
trwtvd  with  a  solution  oootatning  another  add,  prorided  that  the 
latter  add  is  a  much  more  highly  ionised  (more  active)  one  than  the 
ftnmer  (see  below). 

But  even  active  acids  frequently  fail  to  bring  salts  of  weak  auda 
into  solution,  especially  when  the  weak  acid  is  itself  preeent  also. 


METALUC  ELEMENTS  OF  THE  ALKALINE  EARTHS      715 

Here  the  cause  lies  in  the  fact  'that  au€ji  salts  are  less  soluble  than 
those  of  the  calcium  oxalate  type,  and  give  so  low  a  concentration  of 
the  n^ative  ton  that  the  utmost  repreesion  of  the  ionization  of  the 
corresponding  acid  does  not  give  a  lower  value  for  the  coacentraUon 
of  this  ioD  than  does  the  salt  itself.  Thus,  we  have  seen  (p.  421)  that 
even  hydrochloric  acid  (dilute)  will  not  dissolve  a  number  of  sul- 
phides. For  e}[ample,  in  the  case  of  cupric  sulphide  in  a  solution 
saturated  with  hydrogen  sulphide,  the  S~  factor  in  the  solubility 
product  [Cu"*^]  X  [S^]  remains  smaller  than  that  in  the  scheme  defin- 
ing the  hydrc^n  sulphide  equilibrium  [H^]"  X  [S=]  even  when  the 
[S^]  factor  in  the  latter  is  diminished  in  consequence  of  great  addition 
of  hydrogen-ion.    In  this  case,  the  first  link  in  the  chain  of  equilibria: 

C^  (solid)  ^  CuS  (dslvd)  2  Cu*^ +^^^  j  ^  H^  (j^^j)^ 

tends  80  decidedly  backward  that  only  the  use  of  concentrated  add 
will  increase  the  concentration  of  the  H**"  to  an  extent  sufficient  to 
secure  even  a  slight  advance  of  the  whole  action.  We  must  add,  there- 
fore, to  the  above  rule:  i»»vlded  also  tliat  the  lalt  is  not  aa»  at 
extmna  InsolubiUty.  This  point  will  be  illustrated  more  fully  in 
connection  with  the  description  of  individual  sulphides  {see  under 
Cadmium). 

Illustrations  of  the  application  of  these  generalizations  are  counts 
less.  Carbonic  acid  is  made  from  marble  (p.  573),  hydrogen  sulphide 
from  ferrous  sulphide  (p.  419),  hydrogen  peroxide  from  sodium  per- 
oxide (p.  315),  and  phosphoric  acid  from  calcium  phosphate  (p.  548), 
In  each  case  the  acid  employed  to  decompose  the  salt  is  more  active 
than  the  acid  to  be  liberated.  On  the  other  band,  calcium  oxalate 
and  calcium  phosphate  (except  when  freshly  precipitated)  are  in- 
soluble in  acetic  acid  because  this  acid  is  weaker  than  are  oxalic 
and  phosphoric  acids.  We  have  thus  only  to  examine  the  list  of 
acids  showing  their  degrees  of  ionization  (p.  367)  in  order  to  be  able 
to  tell  which  salts,  if  insoluble  in  water,  will  be  dissolved  by  acids  and, 
in  general,  what  acids  will  be  sufficiently  active  in  each  case  for  the 
purpose.  In  chemical  analyds  we  discriminate  between  salts  soluble 
in  water,  those  soluble  in  acetic  acid  (the  insoluble  carbonates  and 
some  sulphides,  FeS  and  ZnS,  for  example),  those  requiring  active 
mineral  acids  for  their  solution  (calcium  oxalate  and  the  more  insoluble 
sulphides,  for  example),  and  those  insoluble  in  all  acids  (barium 
sulphate  and  other  insoluble  salts  of  active  acids). 

The  influence  of  solubility  is  shown  not  only  by  the  sulphides,  but 
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also,  for  example,  by  the  sulphates.  Thus,  barium  sulphate  is  not  ap- 
preciably diseolved  even  by  the  most  active  acids  (p.  440),  being  a 
salt  of  a  rather  highly  iomzed  acid,  and  beii%  itself  very  insoluble. 
Yet  calcium  sulphate,  being  much  lese  insoluble  (p.  701),  is  dissolved 
to  a  noticeable  extent  by  the  same  acida. 

Precipitation  of  Insoluble  Salts  in  Presence  of  ActtU, — 
The  eotmiM  of  lolutloD,  namely,  predpitatloii,  depends  upon  the 
same  conditions:  an  iiuolubla  salt  which  U  dlsKdved  by  a  giTan  mtU 
eumot  tM  formad  by  prec^tetlaa  in  Uu  pmanM  of  thii  add.  Thus, 
calcium  oxalate  can  be- precipitated  in  presence  of  acetic  acid,  but  not 
in  preaence  of  active  mineral  adds  in  ordinary  concentrations. 
CufHic  sulphide  or  barium  sulphate  can  be  precipitated  in  presence 
of  any  acid,  but  ferrous  sulphide  and  calcium  carbonate  only  in  tbe 
absence  of  acids. 

From  this  it  does  not  follow  that  calcium  oxalate,  for  example, 
cannot  be  predpitated  if  once  an  active  acid  has  been  added  to  tbe 
mixture.  To  secure  precipitation,  all  that  is  necessary  is  to  remove 
the  excess  of  hydrogen-ion  which  is  repressing  the  ionization  of  the 
oxalic  acid.  This  can  be  done  by  adding  a  base,  which  removes  the 
H''',  or  eran  by  adding  lodium  acfltato.  Tbe  acetate-ion  CtHtOi" 
unites  with  tbe  H"*"  to  form  the  little  ionized  acetic  acid,  in  presence 
of  which  calcium  oxalate  can  be  precifutated. 

Calcium  Carbide  CaCt.  —  The  manufacture  of  this  compound 
has  been  described  (p.  571),  and  tbe  formation  of  acetylene  by  its 
interaction  with  water  has  already  been  discussed  (p.  592).  The 
substance  was  discovered  by  Wohler  in  1862,  was  first  prepared  by 
the  use  of  electrical  heating  by  Borchers  in  1891,  fuid  was  made 
on  a  large  scale  in  1S92  by  Willson,  a  Canadian  engineer.  The 
world's  production  in  1912  was  300,000  tons. 

Bleaching  Powder  Ca{OCl)Ch  —  This  substance  (tf.  p.  475)  is 
manufactured  by  conducting  chlorine  into  the  lowest  of  a  series  of 
&-S  revolving  cylinders,  while  slaked  lime  is  fed  into  the  uppermost 
cylinder  (counter-current  system,  see  p.  687).  When  the  trans- 
formation has  reached  the  limit  (it  is  never  complete),  some  lime- 
dust  is  blown  in  to  absorb  the  remainder  of  the  free  chlorine.  The 
action  is  represented  by  the  equation  already  given,  and  not  by  thft 
following: 

2Ca(0H),  -f-  2C1,  ->  CaCl,  +  Ca(OCl).  +  2HiO. 

.■,;<,i:..,  Google 
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While  pure  lime  should  thus  yield  a  product  contMnii^  49  per  cent  of 
chlorine,  in  practice  the  proportion  is  always  less.  Good  bleaching 
powder  shoidd  contain  36-37  per  cent  of  chlorine. 

That  bleaching  powder  is  a  mixed  salt  CaCl(C10)  rather  than  an 
equi-molar  mixture  of  calcium  chloride  and  i»lcium  hypochlorite 
(equation  above),  which  would  have  the  same  composition,  is  proven 
by  the  facts  that  the  material  is  not  deUque8(»nt  as  is  calcium  chlo- 
ride, and  that  calcium  chloride  cannot  be  dissolved  out  (^  it  by 
alcohol. 

Bleaching  powder  is  somewhat  soluble  in  water,  and  in  solution 
the  ions  Ca"*^,  Cl~,  and  C10~  are  all  present.  Addition  of  acida 
causes  the  formation  of  hydrochloric  and  hypochlorous  acids.  The 
oxidizing  and,  incidentally,  the  bleaching  properties  (p.  475)  of  the 
latter  are  characteristic  of  the  acidified  hquid.  Weak  acida  like 
carbonic  acid  displace  the  hypochlcMvus  acid  only  iff.  p.  476),  and 
hence  the  dry  powder,  when  exposed  to  the  Eur,  has  the  odor  of  the 
latter  substance  rather  than  that  of  chlorine. 

The  substance  is  largely  used  by  bleachers  {cf.  p.  477),  and  as  a 
disinfectant  to  destroy  germs  of  putrefaction  and  disease. 

Caldum  Nitrate  CB(iVO»)j.  —  This  salt  ia  found  in  the  soil  (p. 
525),  and  may  best  be  prepared  in  pure  form  "by  treating  marble 
with  nitric  acid  and  allowing  the  product  to  crystallize  from  the 
solution.  Calcium  nitrate  forms  several  hydrates.  The  tetrahydrate 
Ca(NO))i,4HjO,  which  forms  transparent  monoclinic  prisms,  is  the 
one  deposited  at  ordinary  temperatures.  The  anhydrous  salt  is  easily 
soluble  in  alcohol.  It  is  used  in  the  laboratory  for  drying  nitrogen 
peroxide.  When  heated  it  decomposes  (cf.  p.  701),  pving  first  oxygen 
and  the  nitrite  and  then  nitrogen  peroxide  and  quicklime. 

Calctum  Sulphate  CaSOt.  —  This  salt  is  found  in  large  quaii^ 
titles  in  nature.  The  mineral  anbydrlts  CaSO*  occurs  in  the  salt 
layers  (see  under  Manganous  sulphate).  It  contains  no  water  of 
crystallization,  and  its  crystals  belong  to  the  rhombic  system.  The 
dltajdrat«,  CaSOt,2H]0,  is  more  plentiful.  In  granular  masses  it 
constitutes  alabaitw.  When  perfectly  crystallized  (monoclinic, 
Fig.  72,  p.  173)  it  is  named  npmiu  or  sol«nlt«.  The  same  hydrate 
is  formed  by  precipitation  from  solutions.  Its  solubiUty  is  about 
1  in  500  at  18°.  Its  solubility  varies  in  an  unusual  manner  with 
temperature,  increasing  slowly  to  38°  and  then  falling  off. 

When  its  temperature  is  raised,  the  dibydrate  quickly  shows  ao 
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appredsUe  aqueous  tension.  After  three-fourths  of  the  water  has 
escaped,  a  hernibydrate  (CaS04)i,H)0  remains,  which  shows  a  much 
amaller  tenmon  of  water  vapor  (t^.  p.  153). 

Tike  tranmtion  tempa&ture  at  whi<di  the  dihydrate  puses  sharply  into  the 
hemihydiate  is  107°.  It  corresponds  to  the  temperature  of  36.3°  at  whidi  tha 
decahydrate  of  sodium  carbonate  turns  into  the  tnonohydrate  and  water.  At  107" 
both  of  the  hydrates  ore  in  equilibrium  with  tlw  sdution  (p.  680).  Kalumlly  this 
syston  can  exist  only  in  a  tube  sealed  iqi  to  preroit  the  eec^>e  of  the  water. 

Plaatar  of  pails  2CaS04,H^  is  manufactured  by  heating  gypeum 
until  nearly  all  the  water  of  hydration  has  been  driven  out.  When 
it  is  minced  with  wat^r,  the  dihydrate  is  quickly  re-formed  and  a 
ripd  mass  is  produced.  If,  in  course  of  manufacture,  the  water  is 
all  removed,  or  the  temperature  is  allowed  to  rise  much  above  the 
most  favorable  one  (about  125°),  the  product  when  mixed  with  water 
does  not  set  quickly  and  is  said  to  be  "dead-burnt."  In  explanation 
of  this  it  should  be  noted  that  natural  anhydrite  combines  very 
slowly  with  water.  Apparently  good  plaster  of  paris  must  contain 
some  unchanged  particles  of  the  dihydrate  which  may  act  as  nuclei. 
They  fulfil  the  same  r61e  as  the  crystal  which  is  added  to  a  super- 
saturated solution  (p.  193),  without  which  crystaUiiation  may  be 
long  delayed  or  may  even  fail  to  take  place.  Probably,  with  moderate 
heating,  the  product  is  a  mixture  of  the  dihydrate  and  the  hemi- 
hydrate  with  anhydrous  salt,  while  the  more  rapid  decompoation 
at  higher  temperatures  destroys  all  of  the  first.  The  former  mix- 
ture must  be  an  unstable  system,  and  the  dihydrate  loees  water 
to  the  anhydrous  salt.  At  ordinary  temperatures,  however,  this 
transference  must  be  very  slow,  and  hence  the  property  of  setting 
is  not  lost  by  prolonged  storage. 

That  the  plaster  sets,  instead  of  forming  a  loose  mass  of  dihydrate, 
is  due  to  the  fact  that  the  anhydrous  salt  is  more  soluble  than  the 
dihydrate,  and  so  a  constant  solution  of  the  one  and  deposition  of  the 
other  goes  on  until  the  hydration  is  complete: 

2CaS0,IW)  Mid)  ^  2gS0.  (drivd)  J  ^  2CsSO,2H«  (»olid). 

This  process  results  in  the  formation  of  an  interlaced  and  coherrat 
mass  of  minute  crystals. 

Plaster  of  paris  is  us»d  for  making  casts  and  in  surgery.  The 
setting  of  the  material  is  accompanied  by  a  slight  increase  in  volume, 
and  hence  a  very  sharp  reproduction  of  all  the  details  in  the  structure 
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of  the  mold  is  obtained.  An  "ivory"  surface,  which  makes  washing 
practicable,  is  conferred  by  painting  the  cast  with  a  solution  of  paraffin 
or  Btearine  in  petroleum  etber.  T'be  waxy  material,  left  by  evaporar- 
tioD  oi  Hie  volatile  bydrocarbona,  filk  the  pores  and  prevents  solution 
and  diuat^ration  of  the  substfmoe  by  water.  Stucco  is  made  with 
plaster  of  paris  and  rubble,  and  is  mixed  with  a  solution  of  size  or 
glue  instead  of  water. 

Calcium  Sulphide  CaS.  —  This  compound  is  most  easily  made 
by  stronfi^y  heating  pulverized  calcium  sulphate  and  charcoal.  The 
sulphate  is  reduced:  4C  +  CaSO^ -^^  CaS  +  4C0.  Calcium  sul- 
phide is  meagerly  soluble  in  water,  but  is  neverthelesB  slowly 
dissolved  in  consequence  of  its  decomposition  by  hydrolysis  into 
cEilclum  hydroxide  and  caldum  hydrosulphide  (t^.  p.  421).  It  is 
probable  that  the  action  would  be  less  nearly  complete  than  it  is  if 
the  reverse  action  were  not  weakened  by  the  precipitation  cf  the  cal- 
cium hydroxide ; 

2CaS  +  2HiO  ts  CaCOH),i  +  Ca(SHJ,. 

Since  calcium  sulphide  is  thus  decomposed  by  water  it  cannot  be 
precipitated  from  aqueous  solution  by  adding  a  soluble  sulphide,  such 
as  ammonium  sulphide,  to  a  solution  of  a  salt  of  calcium.  Ordy  the 
soluble  hydrosulphide  can  be  formed. 

Ordinary  calcium  sulphide,  after  it  has  been  exposed  to  sunlight, 
usually  shines  in  the  dark.  Barium  sulphide  behaves  in  the  same  way. 
On  this  account  these  substances  are  used  in  making  lumliunu  paint. 
They  f^parently  owe  this  behavior  to  the  presence  of  traces  of 
compounds  of  vanadium  and  bismuth,  for  the  purified  substances  are 
not  affected  in  the  same  fashion.  Since  alkalies  decompose  proteins, 
moist  calcium  sulphide  is  used  as  a  depilatory. 

Phosphates  of  Calcium.  —  The  tertluy  ortbopboiphate  <d  etX- 
eium  Cag(P04)t,  known  as  phospliorite,  is  found  in  many  localities, 
and  is  often  derived  from  the  bones  of  animals.  Guano  cont^ns 
atune  of  the  same  substance,  along  with  nitrogen,  either  as  oi^anic 
compounds  ot  as  niter  (p.  525).  Apatltw  3Caj(PO0,,CaFj,  a  double 
salt  with  calcium  fluoride  (or  chloride)  ia  a  common  mineral  and  fre- 
quent component  of  rocks.  The  orthophoeph^te  forms  about  83 
per  cent. of  bone-ash  (p.  548),  and  is  contained  also  in  the  ashes  of 
plants.  It  may  be  precipitated  by  addii^  a  soluble  phosphate  to  a 
solution  of  a  salt  of  calcium. 

D,a,l,zt!dbvG00glc 
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'  Since  it  is  a  salt  of  a  weak  acid,  and  belongs  to  the  less  iosolublfl 
class  of  such  salts,  calcium  phosphate  is  dissolved  by  dilute  mineral 
acids  (4.  p.  714),  the  ioos  HP04=  and  H»POr  being  formed.  When 
a  base,  such  as  ammonium  hydroxide,  is  added  to  the  sdution,  the 
calcium  phosphate  is  repFecipitat«d  (^.  p.  716). 

Caldimi  phosphate  is  chiefly  uwd  in  the  manufacture  of  phos- 
phorus and  phosphoric  acid  (p.  54S),  and  as  a  fertilizer.  The  supply 
of  calcium  phosphate  in  tiie  soil  arises  from  the  decompoation  of  rocks 
containing  phosphates,  and  is  gradually  exhausted  by  the  removal 
of  crops.  Bone-ash  is  sometimes  used  to  make  up  tbe  deficiency. 
It  is  ^most  insoluble  in  water,  however,  and,  although  somewhat 
less  insoluble  in  natural  water  containing  salts  like  sodium  chloride 
{tf.  p.  715),  is  brought  into  a  condition  for  absorption  by  the  plants 
ratter  dowly.  The  "superfAoophate"  (see  bdow)  is  much  more 
soluble. 

Primarr  oaldam  oittaophoqdiata  (superphoq>hat«)  is  manufac- 
tured in  large  quantities  from  phosphorite  by  >the  action  of  sul- 
phuric add.  The  unconcentrated,  "chamber  acid"  is  used  iar  this 
purpose,  as  water  is  required  In  the  resulting  action.  The  amounts  of 
matmal  ^ployed  correspond  to  the  equation: 

Ca,(PO0.  +  2H^04  +  6H,0  -♦  Ca(HtPO0^2IW)  -|-  2CaS64.2HiO. 

As  soon  as  mixture  has  been  effected,  the  action  proceeds  with  evolu- 
tion of  heat,  and  a  large  cake  of  l^e  two  hydrat«d  salte  remains.  This 
mixture,  after  being  broken  up,  dried,  and  packed  in  bags,  is  sold  as 
"superphosphate  of  lime."  ITie  primary  phosphate  which  it  con- 
tains is  soluble  in  water,  and  is  therefore  of  great  value  as  a  fertilisser. 

Calcium  Cyanamide  CaCNt.  —  Caldum  carbide  (p.  571),  when 
strongly  heated,  absorbs  nitn^n,  ^ving  a  mixture  of  calcium 
cyanamide  and  carbon : 

CaC  +  Ni  ~*  CaCN,  +  C, 

which  is  sold  as  nitro-Ilms  for  use  as  a  fertilizer.  When  treated 
with  hot  water,  the  cyanamide  ia  hydrolyzed  into  calcium  cartmn* 
ate  and  ammonia: 

CaCNj  +  3HjO  -^  CaCOi  +  2NH,. 

In  the  soil  the  decomposition  may  not  be  so  mmple,  but  combined 
nitrogen  is  furnished  in  a  form  that  can  be  absorbed  by  plants. 
At  Odda  (Norway)  the  carbide  is  pulverized  and  placed  in  a 
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cylindrical  furnace  (Fig.  146)  holding  300-450  I^.  The  heat  (8(H»- 
lOOCJ  is  supplied  by  the  passt^  of  an  electric  current  through 
a  thin  carbon  rod.  The  nitn^en  ia  obtfuned  by  t^e 
fractionation  of  liquid  au*  and  final  removal  of  all 
oxygen  by  paesageover  heated  copper,  and  is  forced 
in  under  [H^esure.  After  thirty-^  hourB,  nitrogen  is 
no  longer  absorbed,  and  the  charge  ia  pulverized  when 
cold. 

Sodium  cyanldB  NaNC  is  now  manufactured  by 
fusing  nitro-lime  with  sodium  carbonate: 

CaCN,  +  C  +  Na^O,  -» CaCO,  +  2NaNC. 

The  cyanide  is  extracted  from  the  insoluble  calcium 
carbonate  with  water,  in  which  it  is  exceedingly  sol- 
uble.   Sodium  cyanide  has  now  displaced  potas^um  cyanide  in  the 
extraction  of  gold  from  its  ores. 

Nutrition  and  Fertilisation  of  Crops.  —  The  plant  con- 
atructa  ite  cellulose,  starch,  or  sugar,  and  secures  the  carbon-pari:  of 
all  its  organic  contents  from  the  carbon  dioxide  of  the  air  (p.  579). 
The  water  (90-95  per  cent  of  the  total  weight  of  the  plant)  comes 
from  the  soil  and  brings  up  in  solution  the  other  elements  required. 
All  soils  are  able  to  supply  sufficient  magnesium,  calcium,  and  iron, 
as  btcarbonatea.  But  the  soil  may  lack:  sulphur,  absorbed  as 
sulphates;  nitrogen,  absorbed  chiefly  as  nitrates,  but  occasionally 
as  salts  lA  ammonium;  potassium,  as  sulphate,  chloride,  or  nitrate; 
and  phosphorus,  as  soluble  phosphates.  The  soil  may  be  originally 
deficient  in  one  or  more  of  these  necessary  plant  foods,  or  the  supply 
may  have  been  exhausted  by  repeated  cropping.  Every  crop 
permanently  removes  certain  quantities.  For  example,  in  the  case  of 
nitrogen,  which  is  required  to  form  proteins  that  enter  largely  into 
the  fruit  (i.e.,  usually,  the  edible  part),  each  crop  of  Indian  com  (45 
bushels)  removes  63  pounds  per  acre,  a  crop  of  cabbage  (15  tons) 
removes  100  pounds  per  acre,  clover  hay  (2  tons)  82  pounds,  and 
wheat  (15  bushels)  31  pounds.  When  the  store  in  the  soil  becomes 
meager,  the  crops  become  poor,  and  finally  cost  more  for  labor  than 
they  are  worth. 

Thus,  crops  have  to  be  fed,  just  like  cattle.  Moreover,  the 
elements  must  be  furnished  in  soluble  form  (cf.  pp.  559,  580,  627). 
Fertilizers  containing  potassium  (pp.  662,  674)  and  phosphorus 
(p.  559)  must  be  used,  when  the  soil  is  deficient  in  these  elements. 
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"He  nitrogeD  fertilizers  we  have  mentioned  are  sodium  nitrate 
(p.  685),  calcium  nitrate  (p.  525),  ammonium  sulphate  (p.  516), 
guano  and  manure  (p.  525),  "tankf^e"  and  ground  bonee  from 
slaughter  houses,  oalciiim  cyanamide  (p.  720),  and  finally  the 
nitrates  from  bacterial  decomposition  of  root  nodules  (p.  515). 
That  ^stematic  use  of  fertilizers  does  influence  the  aapB  is  indi- 
cated by  l^e  results  oi  cultivation  of  land  which,  but  for  fertili- 
zation, would  long  since  have  become  almost  valueless.  The 
wheat  crop  per  acre,  being  the  average  of  ten  successive  years  is: 
Denmark  40  bush^  Great  Britain  33,  Germany  29,  United 
States  14. 

Hard  Water.  —  As  we  have  seen  (pp.  576,  705),  limestone  (solu- 
bility, 0.013  g.  per  liter),  magnesium  carbonate  (sol'ty  1  g,  per 
liter),  and  iron  carbonate,  although  very  insoluble,  are  acted  upon 
by  the  carbonic  acid  in  natural  waters,  giving  bicarbonat«8  which 
are  roughly  about  thirty  times  as  soluble.  When  the  water  is 
boOed,  the  actions  (p.  576)  are  reversed,  and  the  carbonates  are 
reprecipitated.  These  bicarbonatea  constitute  tsmporary  hardnsM, 
and  their  decomposition  produces  "fur"  in  a  kettle  and  boiler  crust 
in  a  boiler. 

The  sulphates  of  calcium  (sol'ty  2  g.  per  hter)  and  of  ma^efflum 
(sol'ty  354  g.  per  1.)  are  also  cwnmonly  found  in  natural  waters. 
These  Saltfi  are  not  affected  by  mere  boiling  (as  distinct  from  evap- 
oration) and  so,  along  with  magnesium  carbonate  (1  g.  per  1.)  and 
calcium  carbonate  (0.013  g.  per  I.)  ^ve  pamaiMat  lurdnMi  to  the 
water.  • 

Hardness  is  estunated  in  "degrees."  In  France,  and  com- 
monly in  the  laboratory,  1  part  of  CaCOs  (or  its  equivalent  of  other 
salts)  per  100,000  (0.01  g.  per  liter)  constitutes  one  d^ree.  In 
the  United  States  one  degree  is  1  gr^  per  gallon  of  58,333  gruns 
(0.017  g.  per  1.).  In  Britain  one  degree  is  1  grain  per  gallon  of  70,000 
gnuos  (0.014  g.  per  1.),  Well  water,  origmating  in  chalk  or  lime- 
stone formations,  may  have  37°  (Fr.)  or  more  of  hardness. 

Damage  Due  to  Hardneaa  in  Water.  —  When  hard  water  is 
continually  fed  into  a  steam  boilor  and  only  steam  oomea  out, 
naturally  the  salts  accumulate  and  produce  in  time  a  heavy  boiler 
crust,  which  settles  on  the  tubes.  Being  a  poor  conductor  of  heat 
compared  with  iron,  this  crust,  if  one-fourth  of  an  inch  t^ck,  wilt 
r  the  consumption  (and  cost)  of  fuel  by  50  per  cent.    In 
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addition,  the  iron,  not  being  in  direct  contact  with  water,  is  heated 
to  a  higher  temperature,  and  may  even  become  red  hot.  It  thufi 
oxidises  more  quickly  on  the  out^dc,  and  displaces  hydn^n  from 
water  (or  steam)  on  the  inside  (p.  116),  thus  changing  on  both  mdee 
gradually  into  the  brittle  ou^etic  oxide  FeaO*.  If  the  crust  is  not 
removed,  or  prev^ited  (see  below),  the  life  of  the  boiler  is  greatly 
shortened,  and  a  serious  ex[^osion  may  even  occur. 

Id  wwhlng,  in  the  household  or  laundry,  much  soap  is  wasted 
before  the  necessary  lather  is  secured.  The  soap,  for  example, 
the  sodium  stearate  (p.  620),  gives  magnesium  and  catdum  stea" 
rates,  which  are  insoluble,  forming  a  curd: 

CaSO*  +  2Na(CO,C,TH«)  -» Ca(CO»Ci,H»)t  i  +  Na^*. 

The  permanent  solution  of  soap,  required  for  washing,  does  not 
begin  to  be  formed  until  aU  the  hardness  has  thus  been  precipi- 
tated. Hence,  according  to  the  equation,  with  1°  (U.  S.)  hard- 
ness, 100  gallons  (U.  5.)  of  water  should  use  up  0.075  pounds  of 
soap  (1°  Brit,  and  100  gal.  Brit,,  0.075  lb.).  In  point  of  fact,  how- 
ever, the  colloidal  calcium  salts  adsorb  and  carry  down  with  them 
more  than  an  equal  amount  of  undecomposed  soap.  Hence,  actual 
measurement  shows  that,  with  1°  (U.  S.  or  Brit.)  of  hardness,  100 
gallons  (U.  5.  or  Brit.)  of  .water  really  destroy  0.17  pounds  of  soap. 
Thus,  with  35°,  no  leas  than  6  pounds  of  soap  per  lOU  gallons  are 
wasted  before  the  part  of  the  soap  that  is  to  do  the  work  b^us  to 
dissolve. 

Treatment  of  Hard  Water.  —  The  temponuy  hardness  cim  be 
removed  by  boiling  the  water,  or  using  some  preheating  amuse- 
ment in  connection  with  the  boiler  (stationary  ei^pncs  only). 

Tempomr  hardnw  is  commonly  removed,  on  a  laige  scale,  by 
adding  slaked  lime  (made  into  milk  of  lime)  in  exactly  the  quantity 
shown  by  an  analysis  of  the  water  to  be  required,  and  stirting  for 
a  conmderable  time: 

CaCHCO,),  +  Ca(OH),  -.  2CaC0.  i  +  2H^.  (1) 

The  bicarbonate  is  neutralized  and  all  the  lime  predpitated.  The 
'  latter  is  removed  by  filtration. 

Pmnanvnt  h*itinwui  is  not  affected  by  slaked  lime,  but  is  pre- 
dpitated by  adding  sodium  carbonate  in  the  necessary  proportion: 

CaSOi  +  NaiCO,  -*  CaCO,  i  +  Na^O^  (2) 

.,... .  Cooylc 
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When  both  kinds  of  hardness  are  present,  crude  caustic  soda 
(socUuin  hydroxide)  may  be  employed.  It  neutralizes  the  bicar- 
bonate, precipitatii^  CaCOt: 

Ca(HCO0i  +  2NaOH  -►  CaCO,  i  +  NaaCO,  +  2HA       (3) 

and  giving  sodium  carbonate.  The  latter  then  acts  as  in  equa- 
tion (2). 

Instead  of  this,  the  treatments  indicated  in  equatjoos  (1)  and 
(2)  may  be  applied  in  combination  (Porter-Clark  process).* 

In  the  permutlts  proceu,  the  water  is  ramply  filtered  through 
sodium  silico-aluminate  (permutite  Ntf ,  an  artificial  zeolite),  which 
is  supphed  in  the  form  of  a  coarse,  insoluble  sand.  The  calcium, 
etc.,  in  the  water  is  exchanged  for  sodium,  which  does  do  harm: 

Ca{HCO»)i  +  2N^  -*  2NaHC0,  -|-  C^^  . 

After  twelve  hours'  use,  the  pennutite  is  covered  with  10  per  cent 
salt  solution,  and  allowed  to  remain  for  the  other  twelve  hours  <tf 
the  day,  when  it  is  ready  for  employment  once  more: 

2NaCl  -I-  CaP,  -*  CaCl,  +  2N^. 

Only  salt,  which  is  inexpensive,  is  consiuned,  and  calcium  chloride 
solution  is  thrown  away.  Permutite  removes  magnesium,  iron, 
manganese,  and  other  elements  in  the  same  way.  The  life  of  a 
charge  is  said  to  be  over  twenty  years. 

Hard  Water  in  the  Laundry.  —  As  we  have  seen  (p.  620), 
soap  will  soften  water,  but  the  calcium  and  im^nesium  salts  of  the 
soap  acids,  which  are  precipitated,  are  sticky,  and  soil  the  goods 
being  washed.  Other  substances  that  soften  water,  not  only  give 
non-adhesive  precipitates,  but  are  also  much  cheaper,  and  an  at- 
tempt is  generally  made  to  utilize  them.  The  use  of  slaked  lime  is 
impracticable  on  a  small  scale. 

Washing  soda  NaiCO^lOH^O  is  added  to  precipitate  both  kinds 


Ca{HCO,),  -I-  Na,CO,  -» CaCO,  +  2NaHC0,, 
CaSO*  +  Na^CO,  -»  CaCO,  +  Na^O*. 

*  So  for  as  the  hardness  is  due  to  magnesium  bictubonate,  a  ArutU  piopiH^ 
tion  of  lime  must  be  added  to  precipitate  the  magnesium  aa  hydnndde  (aol'ty 
0.01  g.  per  1.),  because  the  carbonate  is  too  soluble  (1  g.  fer  L). 
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The  small  amounts  of  salts  of  sodimD  which  remaia  in  the  water 
have  no  action  on  soap. 

Housthdd  Ammonia  NH4OB  acts  like  sodium  hydroxide  (p.  724) : 

CaCHCO,),  +  2NH,0H  -^  CaCO,  +  {NH0»CO,  +  2H^, 
CaSO*  +  (NH4),C0,~»CaC0,  +  (NHOjSOi, 

except  that  it  will  not  precipitate  magnesium-ion. 

Borax  NaiBA.lOHiO  (p.  639}  ie  hydrolyzed  and  the  sodium  hy- 
droxide in  its  solution  acts  as  already  (p.  724)  described. 

The  supposed  bleaching  or  whitening  action  of  borax  or  soda 
is  a  myth;  these  salts  prevetU  staining  by  the  iron  in  the  water. 
They  mmply  precipitate  the  iron,  present  as  Fe(HCOi)i,  which 
almost  all  waters  contain,  as  FeCO*  b^ore  the  goods  are  put  in. 
This  precipitate  is  eamly  washed  out  in  rinsing.  The  palmitate, 
etc.,  of  iron,  however,  which  the  soap  itself  would  throw  down,  ia 
sticky  and  adheres  to  the  cloth.  The  air  subsequently  oxidizes 
it  (see  p.  801)  and  gives  hydrated  ferric  oxide  (rust),  which  is 
brownish-red. 

It  is  evident  that,  properly  to  achieve  their  purpose,  the  soda  ■ 
and  borax  must  be  added,  must  be  completely  dissolved,  and  must 
be  allowed  to  produce  the  precipitation  of  FeCOg,  CaCOi,  etc.,  all 
before  the  soap  (or  the  goods)  is  introduced.  If  the  sciap  is  dissolved 
before  or  with  the  soda,  it  will  take  part  in  the  precifntatioD,  and 
give  sticky  particles  containing  the  iron  and  calcium  salts  of  the 
aoap  acids. 

The  soda,  borax,  and  anunonia  do  not  themselves  remove  dirt 
—  that  is  done  by  the  dissolved  soap  (p.  623).  With  the  help  of 
rubbii^,  however,  they  do  emulsify  and  remove  animal  or  vege- 
table oil  and  grease,  but  not  mineral  oil  (p.  625),  when  these  happen 
to  be  on  the  goods.  But  soap  alone  wUl  do  this  also,  and  remove 
mineral  oil  as  well. 

Washing  powdwn  are,  or  ought  to  be,  m^nly  sodium  carixmate, 
mixed  with  more  or  less  pulverized  soap. 

Calcium  Metasilicate  CaSiOt.  —  This  salt  forms  the  minwal 
wollastonite,  which  is  rather  scarce,  and  eaters  into  the  c(Hnposi- 
tion  of  many  complex  minerals,  such  as  garnet,  mica,  and  the  zeolites. 
It  may  be  made  by  precipitation  from  a  solution  of  sodium  meta- 
silicate  (p.  634),  or  by  fuong  together  powdered  quartz  and  calcium 
carbonate: 

SiO,  +  CaCOi  -»  CaSiO,  +  COj. 
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Glass.  —  Common  glasa  ia  a  complex  silicate  (^  sodium  and  cal- 
dum,  or  a  homogeDeous  mixture  of  the  silicates  of  these  metak  with 
alica.  It  has  a  composition  represented  approximately  by  the 
formula  NatO,CaO,6SiOt,  and  is  made  by  melting  tt^etber  sodiiun 
carbonate,  limestone,  and  pure  sand: 

■  NajCO,  +  CaCO,  +  68iOj  -*  Na.O,CaO,6SiO.  +  2CCV 

For  the  most  fusible  glass,  a  smaUer  proportion  of  quartz  is  employed. 
This  variety  is  known  as  aod«-glMi,  or,  from  its  easy  furability,  aa 
■oft  glan.  First,  the  materiab  are  heated  to  a  temperature  high 
enough  to  produce  chemical  action  without  brining  about  complete 
melting.  This  permits  the  ready  escape  of  the  gaa.  Then  the  tem- 
perature ia  raised  to  about  1200°  until  fusion  is  ctmiplete  and  all  the 
bubbles  have  escaped.  Finally,  the  crucible  and  its  contente  are 
allowed  to  cool  to  700-800°  to  permit  the  latter  to  acquire  the  vis- 
co^ty  required  for  working.     . 

Plate-glass  is  made  by  rolling  the  material  into  la^e  aheeta  and 
polishing  the  surfaces  until  they  are  plane.  Window-glaee  is  prepared 
.  by  blowing  bulbs  of  long  cylindrical  shape,  and  ripping  them  down  one 
dde  with  the  help  of  a  diamond.  The  resulting  curved  sheets  are  then 
placed  on  a  flat  surface  in  a  furnace  and  are  there  allowed  to  opeai 
out.  Beads  are  made,  chiefly  in  Venice,  by  cutting  narrow  tubes 
into  very  short  sections  and  rounding  the  sharp  edges  by  fire.  Or- 
dinary apparatus  is  made  of  soft  soda-^ass,  and  hence  when  heated 
strongly  it  tends  to  soften  and  also  to  confer  a  strong  yellow  tint 
(cf.  p.  692)  on  the  flame.  In  all  cases  the  articles  are  annealed  by 
being  passed  slowly  throi^  a  spedal  furnace  in  which  their  t^npera- 
ture  is  lowered  very  gradually.  Glass  which  has  been  sudd^y 
chilled  is  in  a  state  of  tension  and  breaks  easily  when  handled. 

Bottles  are  made  with  impure  materials,  and  owe  their  color 
chiefly  to  the  mlicate  of  iron  which  they  contain.  In  making  cheap 
glass,  sodium  sulphate  is  substituted  for  the  more  expensive  cariwnate. 
In  this  case  powdered  charcoal  or  coal  is  added  to  reduce  the  aulpbate: 

2Na^04  +  C  +  2SiO,  -*  2Na^iO,  -H  COi  +  2S0». 

Soft  glass  is  partially  dissolved  by  water.  When  powdered  ^ass 
is  shaken  with  water,  sodium  silicate  dissolves  in  amount  sufficimt 
to  ffve  an  alkaline  reaction  with  phenolphthalein  {qf.  p.  143). 

Bohemian,  or  hard  kUh,  is  much  more  .difficult  to  fuse  than  BQd&- 
glass,  and  is  also  much  less  soluble  in  water.  It  is  made  by  sub- 
stituting  potassium    carbonate    for   sodium    carbonate.    Specially 
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insoluble  glass,  for  laboratory  use,  such  as  J«u  and  nonnwl  glass, 
is  made  with  boric  anhydride  BiOi,  in  addition  to  silica,  and  some 
zinc  oxide,  so  that  it  contains  borates  as  well  as  silicates.  Whoi 
lead  oxide  is  employed  instead  of  limestone,  a  Boda4ead  f^aee,  known 
as  flint  (law,  is  produced.  This  has  a  high  specific  gravity,  and  a 
great  refracting  power  for  light,  and  ia  employed  for  making  gjass 
ornaments.  By  the  use  of  grinding  machinery,  out  kUh  ia  made 
^m  it.     Engraving  on  glass  is  done  with  the  sand  blast. 

Colond  glan  is  prepared  by  adding  small  amounts  of  various 
oxides  to  the  usual  materials.  The  oxides  combine  with  the  silica,  and 
produce  strongly  colored  sihcates.  Thus,  cobalt  oxide  fpves  a  blue,  ■ 
chromium  oxide  or  cupric  oxide  a  green,  and  uranium  a  yellow  glass. 
Cuprous  oxide,  with  a  reducing  agent,  and  compounds  of  gold,  ^ve 
the  free  metals,  suspended  in  colloidal  form  in  the  ^ass,  and  confer  a 
deep-red  color  upon  it.  Milk-glass  contains  finely  powdered  calcium 
phosphate  or  cryolite  in  suspenfflon,  and  white  enamels  are  made  hy 
adding  stannic  oxide. 

Glass  is  a  typical  amorphous  substance  (cf.  p.  IM).  lYom  the 
facts  that  it  has  no  crystalline  structure,  and  that  it  softens  gradual^ 
when  warmed,  instead  of  showing  a  definite  melting-point,  it  is  re- 
garded as  a  supercooled  liquid  of  extreme  viscosity.  Most  single 
siUcates  crystallise  easily,  and  have  definite  freezing-  (and  melting-) 
points.  Glass  may  be  regarded  as  a  solution  of  several  sUicates. 
When  kept  for  a  considerable  length  of  time  at  a  temperature  in- 
sufficient to  render  it  perfectly  fluid,  some  of  its  componente  crystaUiee 
out,  the  glass  becomes  opaque,  and  "devitrification"  is  said  to  have 
occurred.  The  absence  of  such  changes  in  cold  glass  may  be  attrib- 
uted to  that  general  hampering  of  all  molscular  movements  and 
interactions  which  is  charact«riBtic  of  low  temperatures.  The  word 
"crystal"  popularly  appUed  to  ^ass  is  thus  definitely  misleading. 
See  quartfr^ass  (p.  634). 

Calcium-ion  Ca**:  Analytical  ReaetUms,  —  Ionic  caldmn 
is  colorless.  It  is  bivalent,  and  combines  with  negative  ions.  Many 
of  the  resulting  salts  are  more  or  leas  insoluble  in  water.  Upon  the 
insolubility  (A  the  carbonate,  phosphate,  and  oxalate  are  based 
tests  for  calcium-ion  in  qualitative  analysis  (see  p,  732).  The  pres- 
ence of  the  element  is  most  easily  recognized  by  Hm  bnck-red  colw 
its  compounds  confer  on  the  Bunsen  flame,  and  by  two  bands  —  a 
red  and  a  green  one  —  which  are  shown  by  the  spectroscope 
(p.  676). 
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Stbonttom  Se 

The  compounds  of  strontium  resemble  closely  those  of  calcium, 
both  in  phy^cal  properties  and  in  chemical  behavior. 

Occurrence,  —  The  carbonate  of  strontium  SrCOj  is  found  as 
■ta^mtianita  (Strontian,  a  village  in  Argyleshire),  and  is  isomorphous 
with  aragonite.  The  sulphate,  oeleatito  SrSOt,  is  more  plentiful.  It 
shows  rhombic  crystals  which  are  isomorphous  with  those  of  anhydrite, 
often  have  a  blue  color,  and  are  commonly  associated  with  native 
sulphur  in  specimens  from  Sicily.  The  metal  may  be  isolated  by 
■  electrolysis  of  the  molten  chloride. 

Compounda  of  Strontium,  —  The  compounds  are  all  made 
from  the  natural  carbonate  or  sulphate.  The  former  may  be  dissolved 
directly  in  acids,  and  the  latter  is  first  reduced  by  means  of  caibon  to 
the  sulphide,  and  then  treated  with  acids. 

StroDtluin  chlorida  SrCl2,6HiO,  made  in  one  of  the  above  ways, 
is  deposited  from  solution  as  the  hcxahydrate.  The  nitrate  Sr(NO|)t 
comes  out  of  hot  solutions  in  octahedrons  which  are  anhydrous. 
From  cold  water  the  tetrahydrate  is  obtained  (see  under  Manganous 
sulphate).  The  anhydrous  nitrate  is  mixed  with  sulphur,  charcoal, 
and  potassium  chlorate  to  make  "red  fire."  The  oxlds  SrO  may  be 
secured  by  igniting  the  carbonate,  but  on  account  of  the  low  dissocia- 
tion tension  of  the  compound  it  is  obtained  with  greater  difficulty 
than  is  calcium  oxide  from  calcium  carbonate.  It  is  made  by  heating 
the  nitrate  or  hydroxide. 

Strontium  hrdroxlde  Sr(OH))  is  made  by  heatin;;  the  carbonate  in 
a  current  of  superheated  steam :  SrCOa  +  H,0  -»  Sr(OH)j  +  COt 
This  action  takes  place  more  easily  than  .does  the  mere  dissociation 
of  the  carbonate,  because  the  formation  of  the  hydroxide  liberates 
energy,  and  this  partially  compensates  for  the  energy  which  has  to 
be  provided  to  decompose  the  carbonate  (c/.  p,  278).  The  lowering 
of  the  partial  pressure  of  the  carbon  dioxide  by  the  steam  also  con- 
tributes to  the  result  (cf.  p.  709), 

The  hydrate  crystaUizes  from  water  aa  Sr(OH)»,8HtO,  and  is 
employed  in  separating  crystallizable  sugar  from  molasses.  By 
evaporation  of  the  extract  from  the  sugar-cane  or  beet-root,  as  much 
of  the  sugar  as  possible  is  first  secured  by  crystallisation.  Then  the 
molasses  which  remains  is  mixed  with  a  saturated  solution  of  stron- 
tium hydroxide.  The  resulting  precipitate  of  sucrate  of  strontium, 
CuHaOii,SrO,  or  CijHBOii,2SrO.  is  separated  by  a  filter-press,  made 
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into  a  paste  with  water,  and  treated  with  carbon  dioxide.  A  second 
filtration  parte  the  insoluble  carbonate  of  strontium  from  the  solu- 
tion of  sugar,  and  the  latter  is  evaporated  and  allowed  to  crystallise. 
Calcium  hydroxide,  which  gives  a  tricalcium  sucrate,  is  often  em- 
ployed in  the  same  way. 

Strontlum-lon  Sr*^  is  bivalent,  and  gives  insoluble  compounds 
with  carbonate-ion,  sulphate-ion,  and  oxalate-ion.  The  presence  of 
strontium  is  recognized  by  the  camune-red  color  which  its  compounds 
give  to  the  Bunsen  flame  (see  also  p.  732).  Its  spectrum  shows 
several  red  bands  and  a  very  characteristic  blue  line. 

BiUtnjH  Ba 

The  phymcal  and  chemical  properties  of  the  compounds  of  barium 
recall  those  of  strontium  and  calcium.  All  the  compounds  of  barium 
which  are  soluble  in  water,  or  can  be  brought  into  solution  by  the 
weak  acids  of  the  digestive  fluids,  are  poisonouc 

Occurrence,  —  Like  strontium,  barium  is  found  in  the  form  of 
the  carbonate,  wltborits  BaCOj,  which  is  rhombic  and  isomorphous 
with  aragonite,  and  the  sulphate  BaSO^,  haavy-ipar  or  barlto  (Gk. 
fiap^,  heavy),  which  is  rhombic  and  isomorphous  with  anhydrite. 
The  density  of  the  sulphate  is  4.5,  while  that  of  other  compounds  of 
the  light  metals  does  not  generally  exceed  2.5.  The  free  mettd, 
which  is  silver-white,  may  be  obtained  by  electrolyms  of  the  molten 
chloride. 

The  compounds  are  made  by  treating  the  natund  carbonate  with 
acids  directly,  or  by  first  reducing  the  sulphate  with  carbon  to 
sulphide,  or  converting  the  carbonate  into  oxide,  and  then  treating 
the  products  with  acids. 

Barium  Carbonate  BaCOs.  —  The  precipitated  form  of  the 
carbonate  is  made  by  adding  sodium  carbonate  to  the  aqueous  ex- 
tract from  crude  barium  sulphide  (q.v.).  The  compound  is  aJso 
obtained  by  fusing  pulverized  barite  with  excess  of  sodium  carbonate, 
and  dissolving  the  sodium  salts  out  of  the  residue. 

This  carbonate  demands  a  high  temperature  (about  1500")  for 
the  attainment  of  a  sufficient  dissociation  tension,  and  is  apt  then 
to  be  partially  protected  from  decomposition  by  the  melting  of  the 
oxide.     It  is  therefore  heated  with  powdered  charcoal  (cf.  p.  577): 

BaCO,  -h  C  -» BaO  +  2C0. 
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The  Sutphate  and  Sulphide,  —  The  natural  lo^tlMt*  BaS04 
is  the  source  of  many  of  the  compounds  of  barium.  The  predpitsted 
8ulpbat«,  made  by  adding  sulphuric  add  to  the  aqueous  extract 
from  barium  sulphide,  is  uisd  in  making  white  paint  ("permanent 
white"),  in  filling  paper  for  glazed  cards,  and  sometimes  as  an  adul- 
terant of  white  lead.  A  mixture  of  barium  sulphate  and  ano  sul- 
I^de  ZnS,  prepared  in  a  special  way,  is  called  Uthopcm*: 

BaS  +  ZnSO*  ->  BaSO.i  +  ZnS  J. . 

Made  into  paint,  it  has  greater  covering  power  than  white  lead, 
does  not  darken  with  hydrogen  sulphide  as  does  the  latter,  and  is 
non-poisonoua.  The  salt  is  highly  insoluble  in  wat«r  and  is  hardly 
at  all  affected  by  aqueous  solutions  of  chemical  agents.  It  ifl  some- 
what soluble  in  hot,  concentrated  sulphuric  acid,  and  the  solution 
yields  crystals  of  a  compound  BaS04,H^04,  or  Ba(HS04)i.  Calcium 
and  strontium  sulphates  behave  in  the  same  way.  All  three  com- 
pounds are  decomposed  by  water,  and  give  the  insoluble  sulphates. 
Buluni  lulphld*  BaS,  like  the  sulphides  of  calcium  and  strontium 
(p.  421),  is  slightly  soluble  in  water,  but  slowly  passes  into  solution 
owing  to  hydrolysis  and  formation  of  the  hydroxide  and  hydro- 
sulphide.  It  is  made  by  heating  the^  pulverized  sulphate  with 
charcoal: 

BaS04  +  4C  -» BaS  +  4C0. 

The  Chloride  and  Chlorate.  —  The  chloride  BaCli  is  generally 
manufactured  by  heating  the  sulphide  with  calcium  chloride.  The 
whole  treatment  of  the  heavy-spar  is  carried  out  in  one  operation: 

BaS04  -H  4C  +  CaClj  -♦  4CX)  +  BaClj  -f-  CaS. 

By  rajnd  extraction  with  water,  the  chloride  can  be  separated  from 
the  caldum  sulphide  before  much  decomposition  of  the  latter  (<^. 
p.  687)  has  taken  place.  Barium  chloride  crystallizes  in  rhombic 
tables  as  a  dihydrate  BaCli,2HsO.  Adde  from  the  difference  in  com- 
position, this  compound  differs  from  the  ordinary  hydrated  chlorides 
of  caldum  and  strontium  in  being  non-hygroscopic  and  in  being 
capable  of  dehydration  by  heat  without  the  formation  of  any  hydro- 
gen chloride  {cf.  p.  655). 

Barium  chlorate  Ba(C10s)i  is  made  by  treating  the  precipitated 
barium  carbonate  with  a  solution  of  chloric  acid.     It  is  deposited 
in  beautiful  monoclintc  crystals,  and  is  used  with  sulphur  and  ch&i^ 
_  coal  in  the  preparation  of  "green  fire." 
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'  The  Oxidea  and  Hydriudde.  —  The  oxide  of  barium  BaO  is 
manufactured  from  the  carbonate  (see  above)  or  sulphide.  In  the 
latter  case,  moist  carbon  dioxide  is  [Kissed  over  the  sulphide,  and  the 
resulting  carbonate  is  then  treated  with  steam.  It  may  be  obtained 
in  pure  fonn  by  heating  the  nitrate.  The  oxide  unites  vigorously 
with  water  to  form  the  hydroxide.  When  heated  in  a  stream  of  air 
or  oxygen  it  gives  the  dioxide  BaOt.  This  change  and.  its  reversal 
constitute  the  bads  of  Brin's  process  for  obtaining  oxygen  frwn  the 
air  (p.  82).  To  protect  the  oxide  from  conversion  into  the  carbon- 
at«  and  hydrate,  which  are  not  decomposable  at  the  temperature 
employed,  the  air  must  be  carefully  punfied  from  carbon  dioxide 
and  moisture  (^.  p.  685). 

Barlnm  poroslds  BaOi,  when  made  by  union  of  oxygen  with  the 
monoxide,  is  a  compact  gray  mass.  A  hydrated  fonn  is  thrown 
down  as  a  crystalline  precipitate  when  hydn^en  peroxide  solution  is 
added  to  a  solution  of  bariiun  hydroxide: 

BaCOH),  +  H,Oj  fct  BaOil  +  2H,0. 

The  crystals  have  the  formula  BaOt,8HiO.  Similar  hydrates  of  the 
peroxides  of  strontium  and  caldum  may  be  made  in  the  same  way. 
In  all  three  cases  the  pure  pcToxideB  are  obtained  as  white  powders  by 
removal  of  the  water  of  hydration  by  very  gentle  heating  in  vacuo 
(cf.  p.  484).  The  peroxides  of  strontium  a^  calcium  are  not  formed 
by  direct  union  of  oxygen  with  the  oxides.  Barium  peroxide  is  used 
in  the  manufacture  of  hydrogen  peroxide  (p.  317). 

Barium  hrdroxlds  Ba(OH)i,  is  the  moat  soluble  of  the  hydroxides 
of  this  group,  and  gives,  therefore,  the  highest  concentratioh  of 
hydroidde-ion.  The  solution  is  known  as  "baryta-water. "  It 
is  eiao  the  most  stable  of  the  three  hydroxides,  and  may  be  melted  - 
without  decomposition.  A  hydrate  Ba(OH)t,8HtO  cryst^ses 
on  coolii^  a  saturated  solution.  It  is  miich  used  in  quantitative 
analysis  for  making  standard  alkati-solutions.  Solutions  of  sodium 
or  potassium  hydroxide  may  acquire  varying  proportions  of  carbonate 
by  the  action  of  carbon  dioxide  fnun  the  air,  and  their  action  on 
indicators  losea  thereby  in  sharpness.  With  barium  hydroxide  this 
is  impossible,  for  the  carbonate  is  insoluble,  and  is  precipitated  from 
the  solution. 

Barium  Nitrate  BaiNOt)^ — This  salt  Is  made  by  the  action  of 
nitric  acid  on  the  sulphide,  oxide,  hydroxide,  or  carbonate  of  barium. 
It  crystaDizes  from  aqueous  solution  without  water  of  hydration. 
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Analytical  Reactions  of  the  Calcium  FanUly.  —  Barium-ion 
Ba^^**  is  a  coloriess,  bivalent  ion.  Many  of  its  compounds  are  in- 
soluble in  water,  and  the  sulphate  is  insoluble  in  acids  also.  The 
spectrum  given  by  the  salts  contains  a  number  of  green  and  orai^ 
lines.  " 

In  aolutioDS  of  salte  of  calcium,  strontiimi,  and  barium,  the  ions 
may  be  distii^uished  by  the  fact  that  calcium  sulphate  solution  will 
precipitate,  the  strontium  and  barium  as  sulphates,  but  will  leave 
salts  of  calcium  unaffected.  Similarly,  strontium  sulphate  solution 
precipitates  barium  sulphate,  and  does  not  give  any  result  with  salts 
of  the  two  first.  The  cbromate  of  barium  is  precipitated  in  pres- 
ence of  acetic  acid,  while  the  cbromates  of  strontium  and  calcium 
are  not  {cf.  p.  714),  and  there  are  other  differences  of  a  like  nature 
in  the  solubilities  of  the  salte. 

Exeraaea.  —  1.  Arrange  the  cbromates  of  the  metals  (A  this 
family  in  the  order  of  solubility  (see  Table).  Compare  the  solu- 
bilities with  those  of  the  carbonates,  oxalates,  and  sulphates  of  the 
metals  of  the  same  family. 

2.  What  must  be  the  approximate  total  molar  ooncentratioa  of 
the  solution  of  calcium  chloride  freezing  at  —48°  (p.  335)? 

3.  What  is  meant  by  fluorescence  (i^.  any  book  on  pbytdcs)? 

4.  What  will  be  the  ratio  by  volume,  at  150°,  of  the  nitrogen  pei^ 
oxide  and  oxygen  given  off  by  the  decomposition  <A  calcium  nitrate? 
What  would  be  the  nature  of  the  difference  between  the  raUo  at  150° 
and  that  at  room  temperature? 

6.  What  fact  about  the  beat  of  solution  of  gypsum  is  indicated  by 
its  change  of  solubility  with  temperature  (p.  717)? 

6.  What  is  the  significance  of  the  fact  that  bydrated  barium 
chloride  gives  no  hydrogen  chloride  when  heated? 

7.  What  are  the  advantages  of  removing  water  <^  hydration  in 
vacuo  (p.  731)? 

8.  Explain  in  terms  of  the  ionic  hypothesis  the  precipitation  <rf 
the  sulphate  of  strontium  by  calcium  sulphate  solution,  and  the  ab- 
sence ai  precipitation  when  the  latter  is  added  to  the  solution  tA  a 
soluble  salt  of  calcium. 

9.  Construct  a  table  for  the  purpose  of  comparing  the  properties 
of  the  free  elements  of  this  family  and  also  the  properties  of  tbeir 
corresponding  compounds. 

10.  Are  the  elements  of  this  family  typical  metals?  If  not,  in 
what  respects  do  they  fall  short  (p.  645)? 
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11.  Apply  the  rule  of  precipitation  to  the  case  of  adding  sodium 
carbonate  to  a  solution  of  barium  chloride. 

12.  What  inference  do  you  draw  from  the  fact  that  the  chro- 
mates  of  calcium  and  strontium  are  not  precipitated  in  presence  of 
acetic  acid,  while  the  chromate  of  barium  is  so  precipitated?  Is 
the  inference  confirmed  by  reference  to  the  solubility  data? 

13.  Explain  the  fact  that  strontium  and  calcium  chromatea  are 
easily  dissolved  by  acetic  acid,  while  barium  chromate  is  dissolved 
only  by  active  mineral  acids. 

14.  E}xplain  the  fact  that  all  the  carbonates,  save  those  of 
sodium,  potasEdum,  and  thallium,  are  precipitated  in  neutral  solu- 
tions, but  not  in  aadified  solutions.  Why  is  the  precipitation 
incomplete  when  carbon  dioxide  is  led  through  solutions  of  salts 
of  the  metals,  but  more  complete  when  the  hydroxideB  of  the  metals 
are  used? 
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CHAPTER  XXXVI 

OOPFIR,  Si;.TlB,  OOLD 

The  three  metala  of  this  family,  being  found  free  in  nature,  are 
amongst  those  which  were  known  in  early  times.  They  are  the 
metala  univereally  used  for  coinage  and  for  ornamental  purposes. 
They  are  the  three  best  conductors  »rf  electricity  (p.  645),  and  each 
represents  the  r"ftTri"niTn  of  conductivity  in  the  periodic  series  to 
which  it  belongs.  In  malleability  and  ductility  silver  is  inter- 
mediate between  gold  and  copper  (p.  643),  but  in  electrical  conduc- 
tivity it  ^cels  both. 

The  Chemieal  Relations  <4  ''^  Capper  Family.  —  Copper 
(Cu,  at.  wt.  63.57),  silver  (Ag,  at.  wt.  107.88),  and  gold  (Au,  at.  wt. 
197.2),  occupy  the  right  ade  in  the  second  column  of  the  table  of  the 
periodic  system  (opposite'  inside  of  rear  cover),  and  the  chemical 
relations  (p.  226)  of  these  elements  are  in  many  ways  in  sharp  con- 
trast to  those  of  the  alkali  metals,  thdr  neighbors,  on  the  left  side: 

Auuu  MsTAu  CoppKB,  SiLVKK,  Gold 

Very  active;    r&pidly  ondised  by  air;     Amongst    least    active    metala;    only 

displace  all  other  metals  [rom  com-        copper  is  oxidiEed  .by  air;  diqilaced 

bination  (£.  M.  series,  p.  401).  by  most  other  metob.    Heoce,  found 

free  in  nature  (p.  404). 

All  univalent  and  give  but  one  series     Cu'  and  C*^  ;  two  series.    Ag*  :  one 

ot  compounds.    Halides  all  soluble        series.    An'  and  Au'"  :  two  aeries. 

in  water.  Halides  of  univalent  series  inaidiible. 

Oxides  and  hydroxides  strongly  basic,     Oxides  and    hydrondea   feebly   basic 

and  balides  not  hydrolyied  (p.  04$).         (except  A^);   faalides  hydrolyBed 

(except  Ag^utlidea).     Henoch  banc 


Neva  found  in  anion.    Give  no  com-     Frequently  in  anioo,  e.0.,  E.Cu(CN)^ 

{rfexcatitma.  K.AgCCN).,    K.AuO),    KjIu(CN),, 

and     in      complex     cation,      e.0., 

Ag(NH.),.OH  and  Cu(NH,),.(OH)i. 

On  account  of  their  inactivity  towards  oxygen,  and  their  easy 
recovery  from  combination  by  means  of  heat,  silver  and  gold,  to- 
gether with  the  platinum  family,  are  known  as  the  "noble  metals." 
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Univalent  copper  and  gold  resemble  ia  some  ways  Hg*  and  TH, 
while  bivalent  coppw  resembles  Zn",  Mn",  Fe",  and  Ni",  and 
trivalfflt  gold  resembles  Pt".  This  family  is,  in  fact,  not  homoge- 
neouB,  and  the  close  relation  which,  amongst  metals,  subsists  between 
valence  and  chemical  properties  makes  comparisons  with  elements  of 
entirely  different  families  often  the  moot  suggestive. 

Copper  Cc 

Chemical  Relations  of  the  Element.  —  Copper  is  the  first 
metallic  element  showing  two  valences  which  we  have  encountered. 
In  such  cases  two  more  or  less  complete,  independent  series  of  salts 
are  known.  These  are  here  distinguished  as  cuprous  (univalent) 
and  cupric  (bivalent)  salts.  The  methods  by  which  a  compound 
of  one  series  may  be  converted  into  the  corresponding  compound  of 
the  other  series  should  be  noted. 

The  chief  cuprous  compounds  are  CuiO,  CuCl,  CuBr,  Cul,  CuCN, 
Gu^.  The  cuprous  compound  is  in  each  case  more  stable  (p.  148) 
than  the  corresponding  cupric  compound,  and  is  formed  from  it 
either  by  spontaneous  decomposition,  as  in  the  cases  of  the  iodide 
and  cyanide  (2CuIa^2CuI  +  !»),  or  on  heating.  The  cuprous 
halides  and  cyanide  are  coloHeae  and  insoluble  in  water.  Cuprous- 
ion  Cu+  seems  to  be  colorless.  The  cuprous  salte  of  the  oxygen 
acids  are  unstable. 

The  familiar  cupric  compounds  are  more  numerous,  as  they  in- 
clude also  stable  salts  of  oxygen  acids,  like  CuSOi,  Cu(NO))t,  etc. 
Cull  and  Cu(CN)t  cannot  be  obtained  in  pure  form,  as  they  decom- 
pose,  pving  the  cuprous  salts.  The  anhydrous  salts  are  usually 
colorless  or  yellow,  but  cupric  ion  Cu++  is  blue,  and  so,  therefore, 
are  the  aqueous  solutions  of  the  salts.  The  cupric  are  more  familiar 
than  the  cuprous  compounds,  since  cupric  oxide,  sulphate,  and 
aoetate  are  ^e  compounds  of  copper  which  most  frequently  find 
employment  in  chemistry  and  in  the  arts.  All  the  soluble  salts  of 
copper  are  poisonous. 

In  electrolyzing  salts  of  copper,  a  ^ven  amount  of  electricity  will 
depodt  twice  as  much  copper  from  a  cuprous  salt  as  from  a  cuprio 
aalt  (p.  350),  since  cuprous-ion  carries  only  half  as  great  a  chai^, 
weight  for  weight,  as  cupric-ion. 

Writers  on  chemistry  still  (p.  137)  frequently  double  (Cu»Cli, 
etc.)  the  formuhe  of  cuprous  salts.  The  molecular  weights  in  oi^anio 
solvents  (c/.  p.  335),  however,  in  many  cases  accord  with  the  simple 
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formula.  Some  higher  molecular  weights  obaerved  in  aolution  and 
the  vapor  density  of  cuprous  chloride  (6.6,  correspondii^  neariy  to 
CuiClt)  might  be  regarded  a£  being  due  to  asBOciation  (imperfect 
diBSOciation,  cf.  p.  282).  The  formation  of  numerous  double  or 
complex  compounds  like  HCl.CuCl  (  =HCuCU),  which  may  be 
regarded  as  acid  salts,  however,  lends  support  to  the  view  that  the 
fonnulffi  should  be  doubled.  Inasmuch  as  the  behavior  of  the 
salts  is  sufficiently  well  represented  by  the  simple  fonnube,  these 
are  here  used  throughout  (see  under  Silver,  p.  749). 

In  addition  to  (1)  having  two  valmcw  Cu'  and  Cu",  and  there- 
fore two  aeries  of  compounds  (two  oxides,  two  chlorides,  etc.),  each 
of  these  states  of  copper  also  joins  with  other  elements  to  form  (2) 
conqtlex  poiitivs  Ions  such  as  Cu(NHi)]'''  and  Cu(NH])4^~'',  just  as 
hydrogen  and  nitrc^n  form  the  complex  positive  ion  NHi"^,  and 
the  univalent  form  also  gives  (3)  stable  complex  nsfatlva  Ions  such 
as  Cu(CN)t~,  CuClt~.  None  of  the  metallic  elements  discussed  in 
the  two  prece^i^  chapters  showed  any  of  these  peculiarities.  Many 
of  the  metals  to  be  discussed  later  exhibit  one  or  more  of  them, 
however.  Esp«oUl  attuitioii  should  thersfon  be  civam  to  the  etum- 
IstiT  of  copper,  in  order  that  the  behavior  which  such  relations 
entail  may  be  mastered  at  the  first  encounter,  and  the  same  rela- 
tions may  be  instantly  recognized  and  understood  when  they  re- 
appear in  other  connections. 

There  is  only  one  other  peculiarity  which  a  metallic  element 
frequentiy  shows,  although  copper  does  not  exhibit  it.  This  is  (4) 
the  abiUttT  of  Its  hydroxide  to  be,  not  only  basic,  as  metallic  hydrrac- 
ides  by  definition  (p.  646)  must  be,  but  also  addle.  This  be- 
havior we  encounter  first  in  the  case  of  gold  (see  p.  760)  and  in 
sunpler  and  more  familiar  form  in  the  case  of  zinc  (see  next 
copter). 

Occurrence.  —  Copper  is  found  free  in  the  Lake  Superior  r^on, 
in  China,  and  in  Japan.  The  sulphides,  copper  pyrites  CuFeS»  and 
chalcocite  CuiS,  are  worked  in  Montana,  in  southwest  England,  and 
in  Spam.  Malachite,  Cu,(OH),CO,  (=  Cu(OH)i,CuCO,),  and  ax- 
urite,  Cu,(OH),(C0i,)i  (  =  Cu(0H),,2CuC0,),  both  basic  carbon- 
ates, are  mined  in  Arizona,  Siberia,  and  elsewhere.  Cuprite  or 
ruby  copper  CuiO  is  also  an  important  ore.  The  name  of  the  element 
comea  from  the  fact  that  in  ancient  times  copper  mines,  long  since 
worked  out,  existed  in  Cyprus.  The  element  is  found  in  the  featheiB 
of  some  birds,  in  the  hsemocyanin  of  the  blood  of  the  cuttle-fisbi 
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which  is  blue  when  arterial  aod  colorless  when  venous,  and  elsewhere 
in  living  organisms. 

detraction  from  Ores.  —  For  isolating  native  copper  it  is  only 
neceesary  to  separate  the  metal,  by  grinding  and  washing,  from  the 
rock  through  which  it  ramifies,  and  to  melt  the  almost  pure  powder  of 
copper  with  a  fiux  (p.  652).  The  carbonate  and  oxide  ores  require 
coal,  in  addition,  for  the  removal  of  the  oxygen. 

The  liberation  of  copper  from  the  sulphide  ores  is  difficult,  and 
often  involves  very  elaborate  schemes  of  treatment.  This  arises 
from  the  fact  that  many  copper  ores  contain  a  lai^e  amount  of  the 
sulphides  of  iron,  and  tiiese  have  to  be  removed  by  conversion  into 
oxide  (by  roasting) 'and  then  into  silicate  (with  sand).  The  olicate 
forms  a  flux,  and  separates  itself  from  the  molten  copper  sulphide 
("matte").  In  Montana  it  is  found  possible  to  abbreviate  the  treat- 
ment. The  ore  is  first  roasted  until  partially  oxidized.  It  is  then 
melted  in  a  cupola  or  a  reverberatii^  furnace,  and  placed  in  large  iron 
vessels  like  Bessemer  converters  (g.v.)  provided  with  a  lining  rich  in 
^ca.  A  blast  of  air  mixed  with  sand  is  now  blown  through  the 
mass.  The  iron  is  completely  oxidized  to  FeO  and  made  into  silicate 
FeSiOi,  the  sulphur  escapes  as  sulphur  dionde,  and  arsenic  and  lead 
are  likewise  removed  by  this  treatment.  The  silicate  of  iron  floats 
as  a  slag  upon  the  copper  when  the  contents  of  the  converter  are 
poured  out.  The  resulting  copper  is  pure  enough  to  be  cast  in  lat^e 
plates  and  purified  by  electrolyaa  (see  p.  747). 

Much  copper  ore  is  of  low  grade,  containii^  perhaps  only  2  per 
cent  of  copper  ore  and  98  per  oent  of  rock  material.  From  such 
ores  the  usual  method*  of  washing  often  recover  only  70  per  eent 
or  leas  of  the  copper  ore  present,  and  30  per  cent  or  more  is  lost. 
The  bvth  flotation  proOMt  r^ses  the  proportion  recovered  to  85  or 
90  per  cent  of  the  whole.  The  finely  crushed  ore  is  agitated  with 
water,  to  which  is  added  some  cheap  oil  and  sometimes  a  little 
sulphuric  acid.  The  mixture  is  then  allowed  to  Bow  into  a  latter 
tank  of  water,  in  which  the  rock  material  immediately  sinks  to  the 
bottom  while  the  particles  of  ore  are  contfuned  in  the  oily  froth 
which  rises  to  the  top.  The  phmt  also  occupies  less  than  one-tenth 
of  the  space,  and  uses  less  than  half  the  power  required  for  treating 
the  same  amount  of  ore  by  washing. 

The  world's  production  (1913)  is  about  a  million  metric  tons,  of 
which  the  United  States  furnished  68  per  cent.  South  America  11, 
Japan  6,  and  Germany  4.    The  proportions  of  the  whole  oonsumed 
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were,  approximately,  United  States  33  per  cent,  Great  Briton  22 
per  cent,  Germany  22  per  cent. 

Phyaicai  Properties.  —  Copper  is  red  by  reflected  and  greenish 
by  truismitted  light.  Native  copper  shows  crystals  of  the  regular 
system  (p.  172).  It  melts  at  1083°,  uid  therefore  much  more  eaaly 
than  pure  iron  (1530°).  Its  density  is  8.93.  When  ateel  draw- 
plates  are  used,  it  can  be  drawn  into  wire  with  a  diameter  of  only 
0.2  nmi.,  and  by  means  of  plates  provided  with  perforated  diamonds 
the  diameter  of  the  wire  can  be  reduced  to  0.03  mm.  (1  kilometer 
weighs  only  7  g.).  The  metal  after  drawing  is  more  tenacious,  but 
conducts  electricity  less  well.  Copper  has  a  transition  point  at  71.7°, 
and  shows  different  phy^cal  properties  above  that  point. 

Chemical  Properties.  —  In  dry  oxygen,  copper  does  not  rust. 
In  moist  oxygen  a  thin  film  of  cuprous  oxide  is  formed,  and  in  ordinary 
air  a  green  barac  carbonate  (juA  verdigris,  q.v.).  It  does  not  decom- 
pose water  at  any  temperature  or  displace  hydrc^^  from  dilute  acids 
(p.  404).  On  the  other  hand,  hydrogen,  absorbed  in  platinum  or 
even  in  charcoal,  liberates  copper:  Cu++  +  Hi  — ►  Cu  +  2H+,  when 
immersed  in  solutions  of  copper  salts.  The  metal  attacks  oxygen 
acids  (pp.  425,  535),  however.  Again,  acids  hke  hydrochloric  acid, 
in  conjunction  with  oxygen  from  the  air,  do  act  slowly  upon  copper: 
2Cu  +  4HC1  +  Oi  -» 2CuCl,  +  2HiO.  This  sort  of  simultaneoua 
action  of  two  agents  is  frequently  used,  as  in  making  silicon  tetra- 
chloride (p.  632).  In  a  similar  way  sea-water  and  air  slowly  corrode 
the  copper  eheathii^  of  ships,  giving  a  basic  chloride,  Cu4(0H)«Cli- 
HsO  ( =  3Cu{0H)s,CuCii,HjO),  which  is  found  in  nature  as  atakamitc. 

On  account  of  its  resistance  to  the  action  of  acids,  copper  is  used 
for  many  kinds  of  vessels,  for  covering  roofs  and  ships'  bottoms,  and 
for  coins.  It  furnishes  also  electrotype  reproductions  of  medals,  of 
engraved  plates,  of  type,  etc.  (see  p.  746).  In  the  mines  near  Butte, 
the  presence  of  sulphuric  acid  in  the  water,  which  attacks  steel, 
compels  the  use  of  pumping  machinery  of  copper. 

Alloys.  —  The  qualities  of  copper  are  modified  for  special  pur- 
poses by  alloyii^  it  with  other  metals.  Brau  contains  18-40  per 
cent  of  zinc,  and  melts  at  a  lower  temperature  (p.  644)  than  does 
copper.  A  variety  with  little  zinc  is  beaten  into  thin  sheets,  giving 
Dutch-metal  ("gold-leaf").  BronM  contains  3-8  per  cent  of  tin,  11 
«r  more  per  cent  of  zinc,  and  some  lead.    It  was  used  for  making 
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weapons  and  tools  before  meana  of  hardeniog  iron  were  known,  and 
later,  on  account  of  its  fusibility,  continued  to  be  employed  for  cast- 
ings until  displaced  largely  by  cast-iron  (discovered  in  the  eighteenth 
century).  For  works  of  art  it  is  preferred  to  copper  because  of  its 
fusibility,  its  color,  and  its  more  rapid  acquirement  of  a  much  prized 
"patina,"  due  to  surface  corrosion.  Artificial  "bronzing"  of  brass 
is  affected  by  applying  a  solution  of  arsenious  oxide  in  hydrochloric 
acid  (AsCli).  The  zinc  displaces  some  areenic,  which  combines  with 
the  copper.  Brass  instruments  are  "bronzed"  by  means  of  a  dilute 
solution  of  chloroplatinic  acid  (q.v.),  from  which  the  zinc  displaces 
platinum.  Oun-matal  contains  10  per  cent,  and  boU-nwtal  20-24 
per  cent  of  tin.  Oazxaan  bUtot  contains  ld-44  per  cent  of  zinc  and 
6-22  per  cent  of  nickel,  and  shows  none  of  the  color  of  copper.  Ahi- 
mlmlum-broiuo  contains  5-10  per  cent  of  aluminium,  and  resembles 
gold  in  color.  When  it  contains  some  iron,  it  can  be  worked  at  a 
red  beat,  but  not  welded.  SUioon-bronta  contains  not  more  than  6 
per  cent  of  sihcon,  and  is  made  by  adding  silicide  of  copper  (made  in 
the  electric  furnace,  p.  560]  to  copper.  It  has  Usually  only  60 
per  cent  of  the  conductivity  of  pure  copper,  but  is  nearly  twice  aa 
t«pAcious,  and  is  used  for  telephone  and  over-head  electric  wires. 
Fhosphor-bronie  contains  copper  and  tin  (100  : 9)  with  f-1  part  of 
phosphorus,  and  is  employed  for  certain  parts  of  machines.  Ships' 
propellers  are  made  of  maagMMBfr-bronM  (30  per  cent  muiganeee). 
In  many  of  these  alloys  the  metals  are  partly  in  the  form  of  ohemical 
compounds,  such  as  CusSn  and  CuaZut. 

Cupric  Chloride  CuCk-  —  This  compound  is  made  l^  union 
of  copper  and  chlorine,  by  treating  the  hydrate  or  carbonate  with  ' 
hydrochloric  acid,  or  by  heating  copper  with  hydrochloric  acid  and 
some  nitric  acid,  the  latter  being  used  simply  as  an  oxidizing  a^ent: 
Cu  +  2HC1  +  O  ^  CuCl,  +  HiO.  The  blue  crystals  of  a  hydnrt*. 
CuClt,2HiO,  are  deposited  by  the  solution.  The  anbydnnu  salt  is  yel- 
low. Dilute  solutions  are  blue,  the  eolorof  cupric-ion,  but  concentrated 
solutions  are  green  on  account  of  the  presence  of  the  yellow  moleculee 
(p.  378).  The  aqueous  solution  is  acid  in  reaction  (p.  399).  When 
excess  of  ammonium  hydroxide  is  added  to  the  solution,  the  baao 
chloride,  (nq>Tie  osychloridB  Cu4(0H)gCli  (p.  738),  which  is  at  first 
precipitated,  redissolves,  and  a  deep-blue  solution  is  obtained. 
This  on  evaporation  yields  deep-blue  crystals  of  hydrated  ammonlo- 
onprlo  ohlorldo  Cu(NHi)«.CU,HjO.  The  deep-blue  color  of  the 
soLutioD,  which  is  given  by  all  cupric  salts,  is  that  of  ammouio- 
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cupric4on  Cu(NH4)(^-^.  The  dry  salt  also  absorbs  ammonia,  ^v- 
ing  CuClt,6NH|.  This  and  the  precedii^;  compound  have  an  appre- 
ciable tenaon  of  ammonia,  and  when  warmed,  or  placed  under 
reduced  preaaure,  leave  fitst  CuClt,2NHi,  and  finally  CuCU- 

Cuprous  C3tloride  CuCl,  —  This  salt  is'formed  when  dry  cupric 
chloride  is  heated:  2CuCli^2CuCl  +  Clt.  It  may  be  made  by 
boiling  cupric  chloride  solutiou  with  hydrochloric  acid  and  copp^ 
tumings: 

CuCli  +  Cu  -♦  2CuCl     or     Cu++  +  Cu  -♦  2Cu+. 

The  solution  contains  compounds  of  cuprous  chloride  with  hydn^cn 
chloride  HCl,CuCl  or  HCuCli  and  HiCuCb,  which  are  decomposed 
when  water  is  added.  The  cuprous  chloride  is  insoluble  in  water, 
and  forma  a  white  crystalline  predpitate. 

Cuprous  chloride  is  hydrolyeed  quickly  by  hot  water,  ^ving, 
finally,  red,  hydratetl  cuprous  oxide,  CujO.  When  dry  it  is  not 
affected  by  light,  but  in  the  moist  state  becomes  violet  and,  finally, 
nearly  black.  The  action  is  said  to  be  2CuCl  — » CuCla  +  Cu,  the 
copper  bmg  adsorbed  as  a  colloid  (hence  the  color  changes) .  In  moist 
aiT  it  turns  green,  and  is  mdized  to  cupric  oxychloride  (p.  739).  It 
is  dissolved  by  hydrochloric  acid,  giving  the  colorless  complex  acids 
HCuCI»  and  HjCuCU.  The  solution  is  oxidized  by  the  air,  turning 
first  brown  and  then  green.  Cuprous  chloride  also  dissolves  in 
ammonium  hydroxide,  giving  ammonio-cuprous  chloride,  probably 
Cu(NHi)i.Cl,  the  ion  Cu(NH»)t^-  being  colorless.  The  solution  is 
quickly  oxidized  by  the  air,  turns  deep-blue,  and  then  contains 
Cu(NH»)(-'~'-.  The  solution  of  cuprous  chloride  in  hydrochloric  acid  is 
used  for  absorbing  carbon  monoxide  from  gaseous  nuxtures.  A 
crystalline  compound  (CuCO.Cl,2HiO  7)  baa  bew  isolated  from  ttie 
solution. 

The  BromideB  and  Io£de  of  Copper.  —  By  treatment  of  cop- 
per with  bromine-water,  and  stow  evaporation  of  the  solution, 
jet-black  crystals  of  anhydrous  cuprfo  bromld*  CuBrj  are  obtained. 
A  concentrated  aqueous  solution  ia  deep-brown  in  color,  and  the  grad- 
ual ionization  of  the  molecules  as  the  solution  is  diluted  is  well  shown 
by  this  salt  (p.  378).  The  ionisation  is  here  accompanied  by  evolu- 
tion of  beat  (p.  368),  as  it  is  also  in  the  cases  of  cupric  chloride  and 
cupric  sulphate,  and  in  the  ionized  condition  the  substances  contain 
leas  available  energy  than  in  the  molecular.    In  these  cases,  tiiere- 
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fore,  when  the  tonperature  is  nused  the  toniz&lion  diminiahee 
(p.  305). 

When  oupric  bromide  is  heated,  bromine  ia  ^ven  off,  and  cuproiu 
bromide  GuBr  remains. 

Ouprio  iodide  Culs  appears  to  be  miBtable  at  ordinary  t«mpera-. 
turea  When  a  soluble  iodide  is  added  to  a  cupric  salt,  a  white 
predjutate  of  ctvroiu  iodide  Cul  and  free  iodine  are  obttuned: 

2Cu++  rf  41"  fc*  2CuI  i  +  It 

The  iodine  may  be  dissolved  in  excess  of  a  soluble  iodide  (p.  665),  or 
reduced  to  hydrc^en  iodide  with  sulphurous  acid  (p.  445). 

The  Solution  of  Insoluble  Salts  when  Complex  Ions  are 
formed.  —  The  solution  of  an  insoluble  salt  like  cuprous  chloride 
by  hydrochloric  acid  or  ammonium  hydroxide  is  typical  of  a  great 
variety  of  actions  of  which  we  here  meet  one  of  the  first  examples 
(f^.  p.  405).  The  explanation  involves  only  principles  already  used 
in  other  cases. 

Since  a  salt  is  normally  less  soluble  in  an  acid  having  the  aame 
anion  (p.  699),  the  dissolving  of  cuprous  chloride  in  hydrochloric  acid 
requires  a  q>ecial  explanation,  namely,  the'  fact  that  here  a  soluble  com- 
plex acid,  H.CuCli  is  formed.  The  chloride-ion  of  the  hydrc^n 
chloride  must  indeed  tend  to  repress  the  ionization  of  the  dissolved 
part  of  the  cuprous  chloride,  so  that  a  smaller  concentration  of 
Cu'i'  remains.  But  the  complex  ne^tive  ion  CuCli"  which  is  formed, 
is  very  Uttle  dissociated,  and  gives  a  still  smaller  concentration  of 
Cu+  (CuCli~  t?  Cu+  +  2Cr).  The  ion-product  of  cuprous  chloride, 
and  the  concentration  relations  of  the  ionic  substance  CuCli~  and 
its  dissociation  products  (Cu'*'  and  2C1~)  are  symbolized  as  follows; 

rr„+i  X  tn-i  -  k'       ICu^l  x  ICl'l'    „ 

The  value  of  [Cu+J  from  cuprous  chloride  (first  formula)  is,  in 
g/saersi,  greater  than  its  value  from  the  ion  CuClr  of  HCuCli  (sec- 
ond formula),  when  excess  of  HCl  is  present.  Hence,  the  Cu+ 
tends  to  pass  over  inta  the  more  stable  compound,  where  it  is  more 
completely  combined.  More  CuGl  dissolves  to  replace  the  Cu+ 
which  has  been  removed,  and  the  change  stops  when  the  CuCl  is 
all  difaolved,  or  the  values  of  [Cu**"]  from  both  compounds  have 
become  equal.    Thus,  the  complex  ion  is  formed  at  the  expense  cf 
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the  Cu'*'  of  the  ineoluble  cuprous  chloride,  and  the  latter  goes  into 
solution  pn^rea^vely  in  the  effort  to  restore  the  balance: 

CuCl  (solid)  s?  CuQ  (dslvd)  t*  C\-   +  Cu+  »  ^^  p„„,  _  /jj„^\ 
2Ha  i=f  2H+  +  2C1-  i  ^  '^'^^'*   \<mya). 

The  same  exact  laws  of  equilibrium  used  in  discuesing  the  disBolving 
of  salts  by  acids  (p.  713)  may  be  applied  to  the  whole  procedure. 

Similar  behavior  is  shown  by  the  cyanides  of  copper,  alyer,  ircm, 
etc.  (q.v.),  of  which  many  complex  compounds  are  known. 

The  dissolving  of  cuprous  chloride  by  the  free  ammonia  of  ammo- 
nium hydroxide  is  expired  in  the  same  way.  The  only  difFerence 
is  that  here  the  copper  is  in  the  complex  positive  ion.  The  ion 
Cu(NH|)j+  ^ves  little  Cu"*"  —  less  than  does  cuprous  chloride,  in 
^ibe  of  the  insolubility  of  the  latter.  Hence  the  salt  passes  into 
solution  until  the  ion-product  [Cu'*']  X  [Cl~j  with  continually 
increasing  [Cl~]  reaches  the  value  for  a  raturated  solution,  or  until 
the  solid  is  exhausted. 

The  deep-blue  colored  ion  Cu(NHi)4++  ^ven  by  cupric  chloride 
and  other  cupric  salts  is  also  very  httle  ionized.  Hence  ammonium 
hydroxide  interacts  with  all  the  insoluble  cupric  compounds  save 
only  cupric  sulphide,  which  is  the  most  insoluble  <rf  all  —  that  is, 
the  one  giving  the  smallest  concentration  of  cuprie-ion.  Conversely, 
the  sulphide  ia  the  only  insoluble  compound  of  copper  which  can  be 
precipitated  from  ammoniacal  solution.  Cupric  ferrocyanide  CujFe- 
(CN)»,  however,  requires  a  lai^  excess  of  ammonium  hydroxide  for 
complete  interaction.  Zinc  and  other  more  active  metals,  however,  - 
slowly  precipitate  metallic  copper,  thereby  showing  that  sc»ne  cuihic- 
ion  is  present. 

Foregoing  Explanation  Restated.  — ■  We  may  restate  the  ex- 
idanation  by  answering  a  question:  Wh;  does  cuprous  ehlorlda 
Interact  with,  and  go  Into  nolutlon  In  fardroehlorio  Kid?  Because 
It  fonns  a  oonqilex  compound  HCuCli,  and,  with  the  concentrations 
usually  employed,  tbo  molwmlar  concentration  of  euprout-lon  in  the 
■oliAlUtT  product  of  cuprous  chloride  U  (creater  than  the  tnoleeuUr 
eoncentration  of  the  same  icm  in  the  loluttcm  of  the  comples  com- 
pound. * 

The  answer  in  other  cases  takes  the  same  f<mn.  Hius,  for 
cupric  hydroxide  Cu(OH)i  dissolving  in  ammonium  hydrcndde, 
solution,  substitute  cupric  hydroxide  for  cuprous  chloride  and 
Cu(NH^4(0H),  for  HCuCU. 

.^  DiailizodbvGoOgle 
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Cj^roua  Oxide  CutO.  —  This  (aide  is  red  in  color,  and  natural 
Bpeciiuens  show  octahedral  forms.  It  is  produced  by  oxidation  (rf 
finely  divided  cwpper  at  a  gentle  heat,  or  I^  the  addition  of  bases  to 
cuprous  chloride,  and  is  best  made  by  the  action  of  glucose  (p.  605) 
on  cupric  hydroxide  (see  Fehling's  solution,  below).  The  latter 
is  reduced  by  the  former,  and  the  resulting  bydrated  cuprous  oxide 
forms  a  pale-brown  precipitate  which  quickly  becomes  bri^t  red. 
The  ample  bydroxide  CuOH  is  unknown,  but  the  above  mentioned 
precipitate  has  approximately  the  composition  4CuiO,H^,  and  yields 
CuiO  when  heated. 

Cuprous  oxide  is  acted  upon  by  hydrochloric  a«id,  giving  cuprous 
chloride,  or  rather  HCuCU.  It  also  dissolves  in  ammonium  hydrox- 
ide, giving,  probably,  Cu{NHi)j.OH,  which  is  colorless.  With 
dilute  oxygen  acids  part  of  it  is  oxidized,  gving  the  oupric  salt,  and 
part  is  reduced  to  metallic  copper: 

CujO  +  H^O*  -» CuSO*  +  Cu  +  HjO. 

Cupric  Oxide  and  Hydroxide.  —  Cupric  ozida  CuO  (black)  is 
formed  by  beating  copper  in  a  stream  of  oxygen,  or  by  igniting 
the  nitrate,  carbonate,  or  hydroxide.  Although  not  soluble  in  water, 
it  absorbs  moisture  from  the  air,  probably  because  it  is  porous  and 
has  much  surface.  When  heated  strong  it  loses  some  oxygen, 
and  is  partly  reduced  to  cuprous  oxide.  Its  chief  uso  is  in  the  *"*'y*" 
of  compoundi  of  carbon.  When  heated  with  the  latter,  it  oxidizes 
the  hydrogen  to  water,  and  the  carbon  to  carbon  dioxide.  -The 
operation  is  performed  in  a  tube  through  which  passes  a  stoeam  of 
oxygen,  and  the  products  are  caught  in  ^asa  vessels  containing 
calcium  chloride  and  potassium  hydroxide,  respectively,  and  the 
increase  in  wdght  of  each  is  determined. 

Oupric  bydrozldo  Cu(OH)i  is  precipitated  as  a  gelatinous  sub- 
stance by  addition  of  sodium  or  potassium  hydroxide  to  a  solution 
of  a  cupric  salt:  Cu^  +  20H"  -*  Cu{OH)».  When  the  mixture  is 
boiled,  the  hydroxide  loses  water  and  forms  a  black,  hydrated  cupric 
oxide  Cu(OH),,2CuO  (?). 

The  hydroxide  interacts  with  ammonium  hydrojdde,  formit^ 
the  soluble  compound  Cu(NH»)4.(0H)j,  which  imparts  a  deep-blue 
color  to  the  solution.  Various  forms  of  cellulose,  such  as  filter 
paper  and  cotton,  dissolve  in  this  solution  and  are  reprecipitated 
when  the  ammonium  hydroxide  is  neutralized  with  sulphuric  acid. 
Artlfldal  Bllfc  is  made  by  pressing  the  solution  throi^h  dies  into  the 
precipitant.    Paper  and  cotton  goods,  when  passed  first  through  one 
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and  then  the  other  of  theee  liqtuds,  receives  a  tou^,  mtarproot 
surface. 

Cupric  hydroxide  interacts  with  a  soluticoi  of  sodium  tartrate 
Naj.  (C02)*CsHi(OH)t,  giving  a  deep-blue  liquid  (jwactically  "  Fehling's 
solution")-  In  this  action,  it  enters  into  the  negative  ion,  as  ia  shown 
by  electrolyaia,  interacting  apparently  with  the  hydroxyl  groups  of 
the  tartrate-ion.  The  solution  is  u»^  in  testing  for,  and  estimating 
quantities  of  glucose  (p.  605),  and  other  reducing  substances.  Cu- 
prous oxide  is  precipitated  (see  p.  743). 

Cupric  Nitrate  Cu(iVOi)i-  —  ^^^  nitrate  ia  made  hy  treating 
cupric  oxide  or  copper  with  nitric  acid  (p.  535),  and  is  obt^ed  from 
the  solution  as  a  deliquescent,  crystalliae  hydrate.  Hie  hanhydrato 
is  secured  at  temperatures  below  24.5°,  its  transitioii  point  (p.  689), 
and  the  trlhrdrsto  from  24.5°  up  to  114.6°  (its  tranration  point; 
see  under  Manganous  sulphate).  When  dehydrated  at  65°  the  salt 
is  partly  hydrolyzed,  and  a  basic  nitrate  Cu4(0H)e(N0i)i  remains. 

Carbonate  of  Coppw.  —  No  oormal  carbonate  CuCOt  can  be 
obtained.  A  bails  carbonata  (malachite)  is  found  in  nature,  and  is 
precipitated  by  adding  soluUe  carbonates  to  cupric  salts: 

2CuS04  +  2NaBC0,  +  H,0  -*  Cu,(OH),CO»  +  2X8^0*  +  C(V 

The  carbonate,  if  formed,  would  be  hydrolyzed  by  water  (p.  647). 

Cyanides  of  Copper.  —  With  potasdum  cyanide  and  a  solu- 
tion of  a  cupric  salt,  euprie  cruilda  Cu(NC)t  is  preci[Htated.  This 
is  not  stable,  however,  and  gives  off  cyanogen,  leaving  vapmam 
i^anlds: 

2CuCCN),-»2CuCN*+CN,T. 

Cuprous  cyanide  is  insoluble  in  water,  but  interacts  with  an  excess  (tf 
potassium  cyanide  solution,  producing  a  colorless  hquid,  from  wliicb 
K.Cu(CN)i  (  =  KCN,CuCN)  potudum  ouprocraoide,  may  be  ob- 
tained in  colorless  crystals.  The  complex  anion  Cu(CN)i~  is  so 
little  ionized  to  Cu+  and  2CN~  that  all  insoluble  copper  compounds, 
including  cupric  sulphide,  interact  with  potassium  cyanide;  and 
none  of  them  can  be  precipitated  from  the  solution.  Zinc  is  actually 
unable  to  displace  copper  from  such  a  solution.  The  cause  of  the 
solution  of  the  salts  is  the  same  as  when  the  complex  ions  Cu(NHi)s'*', 
Cu(NH4)4++,  and  CuCl,"  are  formed  (p,  741). 
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Cupric  Acetate.  —  By  the  oxidatioQ  of  plates  at  copper,  sep- 
arated by  cloths  saturated  with  acetic  add  (vin^^),  a  baedc  acetate 
of  copper  (nrdlgrU)  is  obtaiaed: 

6Cu  +  SHCiHjO,  +  30,  -*  2Cu»(0H)t(C»H,0,)«  +  2H/). 

It  ia  used  in  nuwufacturiog  green  paint,  is  insoluble  in  wat«r,  and  is 
unaffected  by  li{^t.'  It  dissolves  in  acetic  acid,  and  green  Crystals 
of  the  nomul  aMt«t«  Cu(CiHtOi)j,H|0  are  obtained  from  the  solu- 
tion. The  basic  acetate  is  used  in  preparing  Paris  gntn.  A  hot 
solution  of  arsenious  acid  H>AsOt  is  mixed  with  a  paste  of  verdigris 
and  a  little  acetic  add  and  boiled.  A  precipitate  of  Paris  green 
Cu(CiHiOt)t,Cu((AsOi)i,  which  has  a  unique  lighfr-green  color,  is  thrown 
down.  On  account  of  their  poisonous  nature,  this  compound  and 
Seboela's  gnea  CuHAsOt  are  little  used  as  pigments.  The  former 
is  chiefly  made  for  use  in  the  extermination  of  potato-beetles  and 
other  insects  and  for  employment  in  the  destruction  of  parsatic 
fungi. 

Cupric  Sulphate  CuSO*.  —  This  salt  is  obtained  by  heating 
copper  in  a  furnace  with  sulphur,  and  admitting  air  to  oxidize  the 
cuprous  sulphide.  The  mixture  of  cupric  sulphate  and  cupric 
oxide  which  is  formed  is  treated  with  sulphuric  acid.  The  salt  is 
also  made  by  allowing  dilute  sulphuric  acid  to  trickle  over  granulated 
copper  while  air  has  free  access  to  the  material :  2Cu  -{-  2HtS0t  +  Ot 
— «  2CUSO4  +  2HiO.  When  concentrated  and  at  a  high  temperature, 
sulphuric  add  will  itself  act  as  the  oxidizing  agent  (_qf.  p.  425). 

Cupric  sulphate  crystallizes  as  pmitabydrate  CuS04,5H,0  in  blue 
asymmetric  crystals  (Fig.  55,  p.  151),  and  in  this  form  is  called  blue- 
ttontt  or  Una  Tttrbd.  The  disaodation  of  this  hydrate  has  been 
discussed  on  page  153.  The  aqueous  solution  has  asi  add  reaction 
(p.  390).  The  anhydrous  salt  is  white,  and  can  be  cryBtallined  in  thin 
needles  (rhombic  system?)  from  solution  in  hot,  concentrated  sul- 
phuric add  (cf.  pp.  151-154).  Copric  sulphate  is  employed  in  copper- 
plating  (see  p.  747),  in  batteries,  and  as  a  mordant  in  dyeing  (,q.v.). 
A  minute  proportion  is  added  to  drinking  water,  to  destroy  tdga, 
which  otherwise  propagate  in  the  reservoirs  and  give  a  disagreeable 
taste  and  odor  to  the  water.  The  seeds  of  cereals  are  moistened  with 
a  dilute  solution,  before  planting,  to  prevent  the  growth  of  funfp 
(emuts).  A  solution,  mixed  with  milk  of  lime  (Cu(OH)t  is  pre- 
dpitated),  Bordaauz  mlztara,  is  lai^ely  used  as  a  spray  <hi  grape 
vines  and  other  plants  to  prevent  tbe  growth  of  fimgi, 
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When  ammonium  hydroxide  ib  added  to  cupric  sulphate  solution, 
a  pale^reen  baao  sulphate  Cu4(OH)«S04(?)  ia  first  precipitated. 
With  excees  of  the  hydroxide,  the  blue  Cu(NH»)4++  ion  (p.  742)  is 
formed,  and  crystab  of  ammonlo-cuprie  su^hata  Cu(NHt)i.S04,HtO 
can  be  obtained  from  the  solution.  This  compound  easily  loses 
water  and  ammonia  (by  stages),  leaving  successively  CuS0t,2NHa 
and  CuSO«,NHi.  Cupric  sulphate  also  combines  with  potassium 
and  ammonium  sulphates,  giving  double  salts  of  the  form  CuSO^,- 
KtS04,6HiO,  which  are  deposited  in  large,  monosymmetric  crystals 
from  the  mixed  solutions  (See  Zinc  sulphate). 

The  Sulphidea  of  Copper,  —  Cuproui  lulphide  CuiS  occurs  in 
nature  in  rhombic  crystals  of  a  gray,  metallic  appearance.  It  is 
the  sulphide  formed  by  direct  union  of  the  elements. 

Cupilc  Bulpbld*  CuS  is  deposited  as  a  black  preci^ntate  when 
hydrogen  sulphide  is  led  through  a  solution  of  a  cupric  salt.  By 
cautiously  treating  copper  with  excess  of  sulphur  at  114°  it  may  be 
obtfuned  as  a  blue  crystalline  soUd.  At  higher  temperatures  it 
gives  off  sulphur. 

Analytiail  Reactions  of  Compounds  of  Copper.  —  The  ion      I 

of  ordinary  cupric  salts,  cupric-ion  Cu'*"'',  is  blue,  and  that  of  cuprous 
B^ts,  cuprous-ion  Cu+,  is  colorless.     Cuprous  solutions,  however,  are 
efisily  oxidized  by  the  air  and  become  blue.    In  solutions  contuiting 
cupric-ion,  hydrogen  sulphide  precipitates  cupric  sulphide,  even  in 
presence  of  acids  {p.  421).    Bases  throw  down  the  blue  hydroxide, 
fuid  carbonates  precipitate  a  green  basic  salt  (p.  744).     Potassium  fer- 
rocyanide  (^ves  the  brown,  gelatinous  cupric  ferrocyanide :  2CU.SO4  +      I 
K«.Fe(CN).  tA  Cu«.Fe(CN),  i  +  2K,S04.     A  very  characteristic  test     ! 
is  the  formation  of  the  deep-blue  Cu(NHj}4++  ion  with  excess  of     i 
,  ammonium  hydroxide.     This  solution,  because  of  the  very  slight 
concentration  of  Cu++,  gives  a  precipitate  with  hydrogen  sulphide     ' 
only.     Solutions  of  complex  cuprous  cyanides  such  as  potassium 
cuprocyanide  K.Cu(CN)i  are  colorless,  and  do  not  respond  to  any 
of  the  above  tests.    With  microcosmic  salt  or  borax  (pp.  560,  ^0), 
copper  compounds  form  a  bead  which  is  green  in  the  oxidising  part 
of  the  flame  and  becomes  red  and  opaque  (liberation  of  copper)  in 
the  reducing  flame. 

Electrotyping.  —  When  plates  of  platinum,  connected  with  a  * 
battery,  are  immersed  in  cupric  sulphate  solution,  copper  is  depomted 
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on  the  cathode  (negative  pole).  The  Biilphate-ion  S0*~  migrates 
(p.  347)  towards  the  anode  (positive  pole)  and  there  produces  sul- 
phuric add  and  oxygen  (p.  344).  If,  however,  the  anode  is  made  of 
aypper,  Vas  S04~  migrate,  but  is  not  discharged.  Instead,  copper 
goes  into  solution  (F^.  147)  as  Ovl^,  in  amount  equal  to  that  de- 
posited on  the  other  pole.  Thus,  the  only  changes  ate,  (1)  an  in- 
crease in  concentration  of  cupric  sulphate 
round  the  positive  pole  (anode),  and  (2)  ' 

a  transfer  of   copper  from  the   copper 
anode  to  the  cathode  (see  below). 

A  copper  alactro^jM  of  a  medal  (or 
a  page  of  type)  is  made  by  first  prepar- 
ing a  cast  of  the  medal  In  plaster  of 
Paris,  gutta  percha,  or  wax.  The  sur- 
face of  the  cast  is  then  rubbed  with 
graplute,  to  render  it  a  conductor,  and 

the  cast  is  then  used  as  the  cathode  in  a  cell  with  a  copper  anode, 

like  that  just  described.    The  deposit  of  copper,  when  heavy  enot^h, 

18  stripped  ofF.    In  making  book  plates,  the  cast  is  made  with  wax, 

+  and  the  copper  electrotype  is  strengthened  and 

thickened  byfiUingthet^ckwith  melted  lead.* 

Copper  Refining.  —  The  tenacity,  duc- 
tility, and  conductivity  of  copper  are  seriously 
affected  by  small  amounts  of  impurities,  such 
as  cuprous  oxide  or  sulphide,  which  are  soluble 
in  the  molten  metal.  '  Arsemc  amounting  to 
0.03  per  cent  lowers  the  conductance  about 
14  per  cent.  There  are  also  silver  and  gold 
in  smelter  copper.  Hence,  a  large  propor- 
tion of  the  copper  on  the  market  is  purified 
by  electrolysis.  The  principle  is  the  same 
as  that  used  in  electrotyping.  Thin  sheets 
of  copper  form  the  cathodes,  and  thick  plates 
of  crude  copper  the  anodes.  These  are  suspended  alternately 
and  close  together  in  lai^  troughs,  lined  with  lead,  and  filled  with 
cupric  sulphate  solution  (Fig.  148,  diagrammatic,  view  from  above). 
The  cathodes  are  all  connected  with  the  negative  wire  of  the  dynamo, 
and  the  anodes  with  the  podtive  one.  The  Cu'*"''  is  attracted  to  the 
*  For  newepapets,  a  plate  is  made  from  the  cast  of  the  type  more  quid^f 
by  means  of  melted  atersotyiM  metal  Oead,  antimony,  tin;  82  :  15  :  3). 
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catiiodes  and  is  depoated  upon  them.  The  SOj^  mignttes  towards 
the  anodes,  where  copper  from  the  thick  plate  forms  ions  Cu'*'''  in 
equivalent  amount.  The  stock  of  cuprie  sulphate  thus  remains  the 
same,  and  the  liquid  is  stirred  to  keep  the  sulphate  from  accumulat- 
ing  dose  to  the  anodes.  The  practical  effect  of  the  electrolyras  is 
to  carry  copper  across  from  one  plate  to  the  other.  The  cathodes 
are  removed  from  time  to  time,  and  the  deposit  of  copper  is  stripped 
from  their  surface.  Fresh  anodes  are  substituted  when  the  old  ones 
are  eaten  away.  Since  there  is  no  final  decomposition  of  any  cuprie 
sulphate,  the  only  electrical  energy  required  is  that  necessary  to  over- 
come the  friction  of  the  moving  ions.  Hence,  a  very  small  difference 
in  [>otential  (less  than  0;5  volts)  is  suffident  (see  p.  799). 

The  less  active  metals,  which  are  mixed  with  the  oopper  in  the 
anode,  are  not  ionized,  because  there  is  plenty  of  the  more  active 
copper  to  carry  the  current.  These  metals,  and  traces  of  sulphides, 
therefore,  fall  to  the  bottom  of  the  v&t  as  a  dudge.  Zinc  and  other 
metals  more  active  than  copper,  however,  ore  ionized.  Conversely, 
at  the  cathode,  the  copper,  being  the  least  active  metal  presoti 
in  ionic  form,  is  alone  deposited.  There  is  no  tendency  to  dis- 
charge zinc  or  hydrogen,  for  example,  so  long  as  there  are  plenty 
of  the  more  easily  discharged  copper  ions  available  (see  p.  799). 
In  this  way,  copper,  99.8  per  cent  pure,  is  obtained,  gold  and  silver 
are  recovered  from  the  sludge,  and  the  bath  liquid  is  removed  ' 
from  time  to  time  for  purification  from  the  more  active  metals  it 
acquires.  In  1914,  in  the  United  States  alone,  264,825  ounces  of  gold 
and  Dearly  fifteen  million  ounces  of  olver  were  obt^ed  in  this  way. 

Silver  Ag 

Chenucal  Relations  of  the  Element,  —  This  element  presents 
a  curious  assortment  of  chemical  properties.  It  differs  from  oopper 
in  having  a  strongly  basic  oxide,  in  giving  salts  with  active  adds 
which  are  not  hydrolyzed  by  water,  and  in  formii^  neutral  rather 
than  basic  salts.  In  these  respects  it  approaches  the  metals  of  the 
alkalies  and  alkaline  earths.  It  resembles  copper  in  entering  into 
complex  compounds,  and  in  giving  insoluble  halides  like  the  cuprous 
halides.  It  differs  from  both  copper  and  the  metals  of  the  alludies, 
and  resembles  gold  and  platimun,  in  that  its  oxide  is  easily  decom- 
posed by  heat,  with  formation  of  the  free  metal,  and  in  the  low  poa- 
tion  it  occupies  in  the  electromotive  series  and  the  ooneequont 
slight  chemical  activity  of  the  free  metal. 
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The  salts  are  ^ways  represented  by  the  amplest  formula,  AgCI, 
etc.,  although  in  organic  solvents  greater  tendencies  to  polymeiisa- 
tatm  are  observed  than  in  the  case  of  the  cuprous  compounds  (p.  735). 

Occurrence.  —  Native  sUver,  sometimee  found  in  large  masses, 
although  more  uBually  scattered  through  a  rocky  matrix,  contains 
varying  amounts  of  gold  and  copper.  Native  copper  always  contains 
dissolved  silver.  Sulphide  of  ralver  AgiS  occurs  alone  and  dissolved  ■ 
in  galenite  PbS,  with  which  it  is  isomorphous.  Smaller  amounts  of 
the  metal  are  obtained  from  pyrargyiite  AgiSbSaandproustite  AgtAsSt, 
which  are  ralver  sulphantimooite  and  sulpharsenite,  respectively,  and 
from  horn-silver  AgCl.  The  chief  supplies  c«ne  from  California, ' 
Australia,  and  Mexico. 

MetfJlurgy.  —  The  «lver  oontained  free,  or  as  sulphide,  in  ores  ■ 
of  copper  and  lead,  is  found  in  the  free  state  dissolved  in  the  metals 
extracted  from  these  ores,  and  is  secured  by  refining  them.  In  the 
electrolytic  refinii^  of  copper,  diver  is  obtained  from  the  sludge 
deported  in  the  baths  {p.  747).  The  proportion  present  in  lead  is 
usually  small.  Formerty  the  Pattiiuoti  dwUvBiixiiic  procMt  was 
largely  employed.  In  it  the  metallic  lead  is  melted  in  iron  vessels, 
and  the  crystals  of  lead,  depomted  as  the  metal  slowly  loses  heat, 
are  raked  out.  These  consist  at  first  of  piue  lead  (cf.  p.  199).  When 
the  remaining  liquid  becomes  saturated  with  silver  it  begins  to 
depoedt  lead  and  diver  together.  At  this  point  the  reddue  is  placed 
in  a  hoUow,  lined  with  bone-ash,  forming  part  of  a  reverb^tory 
furnace  (Fig.  143,  p.  686),  and  heated  strongly  while  a  blast  of 
jur  passes  over  ite  surface.  In  this  process,  called  "cupellation," 
the  lead  is  converted  into  litharge  PbO,  which,  driven  by  the  air, 
flows  in  molten  condition  over  the  edge  of  the  cupel.  When  the 
last  trace  of  lead  is  gone,  the  shining  surface  of  the  pure  diver  "flashes" 
into  view  (c/'.  p.  659).  Parka's  pioeeu,  which  has  superseded  the 
above,  takes  advantage  of  the  fact  that  molten  zinc  and  lead  are 
practically  insoluble  in  one  another,  while  diver  is  much  more  solu- 
ble ID  zinc  than  in  lead.  Lead  dissolves  1.6  per  cent  of  zinc,  and 
zinc  1.2  per  cent  of  lead.  The  prindple  is  the  same  as  in  the  re- 
moval of  iodine  from  water  by  ether  (p.  275).  The  lead  is  melted 
and  thoroughly  mixed  by  machinery  with  a  small  proportion  of 
dnc.  After  a  short  time  the  zinc  floats  to  the  top,  carrying  with  it  in 
solution  almost  all  of  the  diver,  and  solidifies  at  a  temperature  at 
which  the  lead  is  still  molten.    The  zinc-diver  aUoy,  lai^ely  a  efow 
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pound  AgtZnii  is  skinuned  off,  and  heated  moderately  in  &  (uniace 
to  permit  the  adhering  lead  to  dr^n  away.  The  zinc  is  finally 
distilled  off  in  clay  retorts,  and  the  lead  remaining  with  the  diver 
in  removed  by  cupellatjon. 

The  gold  which  goes  with  the  silver  in  Parke's  process  is  sepa- 
rated electrolyticatly  (p.  717).  Plates  of  the  silver-^ld  alloy  form 
the  anode,  and  ^ver  nitrate  solution,  the  vat4iquid.  The  silver, 
being  the  more  active  metal,  is  ionized  and  deposited  on  the  cathode, 
while  the  gold  collects  as  a  powder  in  &  bag  surroundii^  the  anode. 

Ores  of  silver  which  do  not  cont^  much  or  imy  lead  are  often 
smelted  with  lead  ores,  and  the  product  is  treated  as  described  above, 
•but  many  other  proceases  are  in  use.  In  Mexico  the  "patio"  proc- 
ess has  been  in  use  since  1557.  The  sulphide  is  converted  into 
chloride  by  the  action  of  cupric  chloride.  Metallic  mercury  dis- 
places the  silver:  AgCl  +  Hg  — » HgCl  +  Ag,  and,  being  present  in 
excess,  dissolves  it.  The  treatmrait  occupies  several  weeks,  and 
much  mercury  is  consumed.  The  amalgam  is  finally  secured  by 
"washii^,"  and  the  mercury  is  separated  from  the  silver  by  distilla- 
tioD. 

During  the  first  half  of  the  nineteenth  century  the  total  world's 
output  averaged  only  643  tons  per  year.  Up  to  1S70  a  gram  of 
gold  could  buy  15.5  g.  of  silver.  Now  that  the  production  has  reached 
about  8000  tons,  the  same  amount  of  gold  purchases  about  40  g. 
The  chief  sourera  (1911)  are  Mexico  2460  tons,  United  States  1880, 
Canada  1018,  Europe  525. 

Phyaical  Properties.  —  Pure  alver  is  almost  perfectly  white. 
It  melts  at  960°.  Its  density  is  10.5.  Its  ductility  is  so  great  that 
wires  can  be  drawn  of  such  fineness  that  2  kilometers  weigh  only 
about  1  g.  In  the  molten  condition  it  absorbs  mechanically  about 
tweaty-tffo  times  its  own  volmne  of  oxygen,  but  ^ves  up  almost  all 
of  this  as  it  solidifies.  Fantastically  irregular  masses  result  from  the 
"sprouting"  or  "spitting"  which  accompanies  the  escape  of  the 
gas. 

By  addition  of  ferrous  citrate  to  silver  nitrate,  a  red  solution  and 
lilac  precipitete  of  free  silver  can  be  made.  The  latter,  alter  washing 
with  ammonium  nitrate  solution,  gives  a  red  colloidal  suspension 
(p.  621)  in  water.  It  is  a  negatively  charged  colloid,  and  is  coagulated 
by  bivalent  poative  ions.  Colloidal  (c/.  p.  621)  silver  showing  a 
variety  of  colors,  due  to  different  degrees  of  dispersion,  has  been 
prepared  by  Gary  Lea.     Colloidal  suspensions  of  metals  are  formed 
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also  by  passing  an  electrical  discharge  between  wires  of  silver,  gold, 
or  platinum  held  under  water. 

Silver  is  alloyed  with  copper  to  render  it  harder.  The  alver  coin- 
age of  the  United  States  and  the  continent  of  Europe  has  a  "fine- 
ness of  900"  (900  parts  of  silver  in  1000),  that  of  Great  Britain  925.  ■ 
Silver  omamenta  have  a  fineness  of  800  or  more.  A  superficial  layer 
of  abnoet  pure-white  silver  ia  produced  by  heating  the  object  in  the 
ur  and  dissolving  out  the  cupric  oxide  thus  formed  with  dilute 
sulphuric  acid.  The  surface  of  the  products,  if  not  subsequently  bur- 
nished, is  "frosted."  "Oxidized  silver"  is  made  by  dipping  objects 
made  of  the  metal  in  a  solution  of  potassium-hydrogen  sulphide, 
whereby  a  thin  film  of  silver  sulphide  is  produced. 

Chemical  Properties.  —  Silver,  when  cold,  is  oxidized  by  ozone, 
but  not  by  oxygen  (see  silver  oxide).  It  does  not  ordinarily  disi^ace 
hydn^en  from  aqueous  solutions  of  acids,  but  its  tendency  to  form  the 
sulphide  is  so  great  that  it  decomposes  hydrogen  sulphide  and  alkali 
sulphides  (cf.  p.  441).  Hence,  sulphur  compounds  in  the  air  tarnish 
the  surface,  producing  A^,  as  do  also  ^gs,  secretions  from  the 
skin  (proteins,  p.  628),  and  vulcanised  rubber.  It  also  displaces 
hydrogen  when  boiled  with  concentrated  hydriodic  acid,  giving 
AgHIj  (i^.  Aqaa  regia,  p.  537).  Silver  interacts  with  cold  nitric 
add  and  with  hot,  concentrated  sulphuric  add,  giving  the  nitrate 
or  sulphate  of  silver  and  oxides  of  nitrogen  or  of  sulphur  (p.  535). 
Since  its  hydroxide  has  no  tendency  to  behave  as  an  acid,  alkalies, 
whether  in  solution  or  fused,  have  no  action  upon  diver.  Hence  alka- 
line substances  are  heated  in  vessels  of  this  metal  or  of  iron,  rather 
than  in  vessels  of  platinum  iq.v.),  because  platinum  is  attacked  by 
alkaline  materials. 

The  HaUdea  of  Silver.  —  The  Ohlorldo  AgCl,  IwomM*  AgBr, 
and  lodlds  Aj^I  are  formed  as  curdy  precipitates  when  a  salt  of 
fdlver  is  added  to  a  solution  containing  the  appropriate  halide  ion. 
The  first  is  white,  and  mdts  at  about  457°.  The  second  and  third 
are  very  pale-yellow  and  yellow  respectively.  The  insolubihty  in 
water,  which  is  very  great,  increases  in  the  above  order.  The  iodide, 
after  mdting,  soli(^fies  and  forms  quadratic  crystals,  which,  as  they 
cool,  pass  at  146°  (tranmtion  point)  into  a  different  phydcal  variety 
(hexagonal)  with  evolution  of  heat  ((^.  pp.  679,  738). 

When  exposed  to  light,  the  chloride  becomes  first  violet  (colloidal 
diver,  dispersed  in  the  AgCl)  and  finally  brown,  chlorine  being 
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liberated.  The  bromide  and  iodide  behave  similarly.  Solid  eolver 
chloride  abaorbe  ammonia,  forming  with  a  low  pressure  2AgCl,- 
3NHt,  and  with  a  higher  preasure  of  the  gas  AgCl,3NHt,  the  former 
with  a  teoaian  of  93  mm.,  and  the  latter  with  a  tension  of  about  one 
atmosphere  of  ammonia  at  20°  {cf.  p.  154).  The  bromide  forms  no 
compound  in  this  way,  but  the  iodide  yields  2^I,NH(. 

In  consequence  of  the  pn^ressive  insolubility,  a  cold  solution  of  a 
bromide  will  convert  the  preciiutate  of  alver  chloride  into  bromide, 
and  a  soluble  iodide  will  Eomilarly  transform  Utis  bromide  or  the 
chloride  into  iodide  {cf.  p.  405). 

BUnr  fiuoridff  AgF  may  be  made  by  treating  the  oxide  or  car- 
bonate with  hydrofluoric  add:  HiF,  +  Ag,0  -» 2AgF  +  H,0.  The 
salt  is  very  soluble  and  deliquescent. 

Cownplex  Compound*  <^  Silver.  —  Silver  chloride  interacts 
ea^y  with  excess  of  anmionium  hydroxide,  ^ving  the  complex 
cation  Ag(NHi)i+.  Under  certain  conditions  octahedral  crystals 
(Fig.  63,  p.  172)  of  AgCl  are  deposited  from  the  solution,  and,  under 
other  conditions,  crystals  of  the  compomtion  2AgCl,3NH).  The 
bromide,  which  interacts  less  readily,  gives  the  same  complex  ion. 
The  iodide  hardly  interacts  at  all.  Anmumlo-argentio-loii  Ag(NHa)]+, 
in  solutions  of  concentrations  such  as  are  commonly  used  (O.IJV  to  N), 
gives  about  the  same  concentration  of  silver4on  Ag+  as  does  the 
bromide,  and  much  more  than  the  highly  insoluble  iodide  (cf.  p.  742). 
Hence  the  latter  interacts  very  sU^Uy  with  ammonium  hydrox- 
ide, and  can  be  precipitated  in  ammoniacal  solution.  All  three 
of  the  insoluble  halidea  dissolve  in  soluticms  of  potassium  cyanide  and 
~Df  sodium  thioeulphate,  as  do  also  all  the  other  insoluble  silver  salts. 
Usually  an  equivalent  amount  of  the  cyanide  or  thiosulpbate  suffices, 
but  for  solution  of  the  sulphide  an  excess  is  required.  With  the 
cyanide,  double  decompoation  pvea  first  the  insoluble  alver  cyanide 
AgCN  which  then  interacts  foimii^  the  soluble  potaislum  arganticTa- 
nlda  K.  Ag(CN)i.  Thethiosulphate^ves  a  solution  fromwhich  crystols 
of  a  complex  salt  Na«.Ag(StOa)i  are  obt^ned.  The  complex  anion 
in  the  solution  appears  to  be  Ag(3iO))t=.  Since  the  iodide  dissolves 
in  the  thiosulphate  with  considerable  difficulty,  we  should  infer 
that  the  complex  thiosulphate  anion  ^ves  about  the  same  concentra- 
tion of  aigentic'ion  as  does  the  iodide.  An' independent  method  of 
measuring  the  concentrations  of  ai^entic-ion  in  all  the  solutions  places 
the  compounds  in  the  order  of  diminishing  ability  to  give  argentic- 
ion  thus,  Aga,  AgCNH,),^,  AgBr,  Ag(S,0,)i-,  Agl,  Ag(CN)r,  A«^, 
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and  confirms  the  above  inferences  (aee  Concentration  c^).  The 
more  active  metals,  like  zinc  and  copper,  disi^ace  silver  from  all 
Bolutions,*  whether  the  solutions  contun  simple  or  complex  salts. 

Oxide  oS  Silver.  —  When  sodium  hydroxide  ia  added  to  a  solu- 
tion of  a  salt  of  silver,  a  pale-brown  precipitate  is  obtained,  which, 
after  being  freed  from  water,  is  found  to  be  A^O.  We  should 
expect  to  obtun  the  hydroxide  AgOH  in  this  fashion,  but  it  appears 
to  be  unstable.  The  aqueous  solution  of  argentic  oxide,  however, 
is  distinctly  alkaline,  and  presumably  therefore  does  contun  the 
hydroxide:  2AgOH  *=*  Ag»0  +  HjO.  Silver  oxide  ie  formed  by  boil- 
ing silver  chloride  with  caustic  potash.  Since  the  oxide  is  much  more 
soluble  than  the  chloride  (see  table),  we  should  expect  the  reverse  of  the 
above  action  to  be  the  normal  one.  Here,  however,  the  excess  of 
potas^iun  hydroxide  (hydroxide-ion)  represses-  the  ionization  of  the 
silver  hydroxide  and  reverses  the  relations  in  regard  to  solubility 
{<4.  p.  698). 

Argentic  oxide  is  an  active  basic  oxide,  and  all  the  salts  of  ralver 
are  derived  from  it.  When  moist,  it  absorbs  carbon  dioxide  from 
the  air.  Its  solutions  show  concentrations  of  hydroxide^on  smaller, 
it  is  true,  than  equimolar  solutions  of  the  aetive  bases,  but  con- 
siderably greater  than  similar  solutions  of  ammonium  hydroxide 
(p.  367).  With  anunonium  hydroxide  it  forms  the  soluble  ammonio- 
argentic  hydroxide  Ag(N'Ei)i.OH,  which  is  as  active  a  base  as  is 
potasraum  hydroxide.  The  solutlbn,  when  allowed  to  Evaporate, 
deposits  black  crystals  of  an  explosive  substance  whose  composition 
has  not  been  determined.  This  is  "fulminating  silver"  (not  to  be 
confuaed  with  fulminate  of  alver  Ag.ONC).  When  the  oxide  is 
heated,'  it  ^ves  off  oxygen,  leaving  metallic  silver.  The  action  ia 
reverable  (G.  N.  Lewis)  and  the  dinsociatiou  pressure  of  the  oxygen 
is  20.5  atmo^heres  at  302°.  At  a  higher  pressure  than  this  (at  302°), 
therefore,  oxygen  will  combine  with  alver. 

Silver  Nitrate  AgNOs,  —  This  salt  is  obtained  by  treating  silver 
with  aqueous  nitric  acid:  ^ 

3Ag  +  4HN0,  -»  SAgNO,  -|-  NO  +  2H,0. 

From  the  aolution,  colorless  rhombic  crystals  (Fig.  14,  p.  19)  isomor- 

phous  with  those  of  potassium  nitrate  (Fig.  71,  p.  173)  are  deposited. 

These  melt  at  20S.6°.     Thin  sticks  made  by  casting  (lunar*  caustic) 

*  (lat.)  lima  (the  moon),  the  alchemical  name  for  sUver. 

oogic 
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are  used  to  cauterize  sores,  because  the  substance  combines  witfa 
protons  to  form  insoluble  compounds.  When  conunercial  silver,  con- 
taining copper,  is  used  to  make  silver  nitrate,  the  solution  is  evapo- 
rated to  dryness  and  heated  at  250°  until  the  nitrate  of  copper  has 
all  been  decomposed.  At  this  temperature  the  silver  salt  Is  unaffected 
and,  when  cool,  can  be  separated  from  the  insoluble  cupric  oxide  by- 
extraction  with  water. 

The  aqueous  solution  is  neutral.  The  pure  salt  is  not  affected  by 
li^t,  but  when  deposited  on  cloth,  on  the  sjdn  of  the  Sngers,  or  on 
the  mouth  of  the  reagent  bottle,  it  is  converted  into  the  chloride,  and 
from  this,  in  turn,  silver  is  liberated.  For  this  reason  it  is  an  ingredi- 
ent in  nutridns-liika.  The  dry  compound  combines  with  ammonia, 
f^ving  AgN0a,3NHi.  When  added  to  an  aqueous  solution,  am- 
monium hydroxide  produces,  first  a  faint  precipitation  of  the  oxide, 
and  then  the  soluble  complex  salt  Ag(NHj)i.NOi. 

Other  Salts  of  Silver.  —  SUvor  porozidata  AgjOj  ((f.  p.  318)  18 
formed  by  the  action  of  ozone  on  silver.  In  the  electrolysis  of  silver 
nitrate  a  deposit  of  shining  black  crystals  (3AfeOt,AgNO,,20)  is 
formed  on  the  positive  electrode.  When  they  are  boiled  with  water, 
oxygen  is  given  off,  silver  nitrate  dissolves,  and  the  peroxidate  is 
deposited  as  a  gray  powder.  SUver  carbonato,  the  neutral  salt 
AgiCOi,  and  not  a  basic  carbonate,  is  precipitated  from  s)lution8  of 
salts  of  silver  by  soluble  carbonates.  It  is  slightly  yellow  in  color. 
With  water  it  gives  a  faint  alkalind  reaction  and,  like  calcium  carbon- 
ate, is  soluble  in  excess  of  carbonic  acid  (p.  705).  When  heated,  the 
carbonate  decomposes,  leaving  metallic  silver.  Other  compounds  of 
silver,  for  example,  the  chloride,  when  heated  in  a  crucible  with 
sodium  carbonate  give  this  salt  by  double  decomposition,  and  hence 
are  finally  reduced  to  a  button  of  metallic  silver.  The  ndphat* 
AgjSO*  is  made  by  the  action  of  concentrated  sulphuric  acid  on  the 
metal.  It  Js  not  very  soluble  in  water,  and  crystalHzes  in  rhombnc 
prisms  isomorphous  with  anhydrous  sodium  sulphate.  Wben  it  is 
mixed  with  a  solution  of  aluminium  sulphate  (q.v.),  octahedral  crys- 
tals of  BUTftr-alum  Ag2S04,A]t(S04)a,24HtO  are  obtained.  SOnr 
mlphlda  AgjS  is  precipitated  by  hydrogen  sulphide  from  solutions 
of  all  silver  compounds,  whether  free  acids  are  present  or  not,  and 
irrespective  of  the  form  in  which  the  silver  is  combined.  Excess  of 
potas^um  cyanide,  however,  prevents  its  precipitation  from  the 
argenticyanide.  The  sulphide  is  formed  by  the  action  of  metallic 
silver  on  alkaUne  hydroaulphides,  and  this  interaction  forms  the 
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basis  of  the  "hepar"  test  for  sulphur  (p.  441).  Silver  ortliopluM- 
phftts  AgtF04  (yellow),  uMiiAtfl  AgsAsO*  (brown),  and  tHaomxbt 
AgaCrOi  (criutson)  are  produced  by  precipitation,  and  their  dis- 
tinctive colors  enable  us  to  use  silver  nitrate  in  analysis  ae  a  reagent 
for  identifying  the  acid  radicals. 

Electroplating.  —  The  process  is  siuiilar  to  the  electro-depo^- 
tion  of  copper  (p.  747).  The  article  to  be  plated  is  defied  with 
extreme  care  and  attached  to  the  negative  wire.  A  plate  of  ^Iver 
forms  the  po^tive  electrode  and,  since  ^mple  salts  of  silver  do  not 
give  coherent  deposits,  the  bath,  is  a  solution  of  potassium  argeoti- 
cyanide.  The  potasaium-ion  K"*"  migrates  to  the  negative  wire,  and 
^ce  potassium  requires  a  much  greater  E.M.F.  for  its  liberation  than 
does  ^Iver,  silver  is  there  deposited  from  the  trace  of  silver-ion 
ipven  by  the  complex  silver  ions  in  the  neighborhood: 

Ag(CN)r  45  Ag+  +  2CN-,       Ag+  -f-  e  ^-»  Ag. 

The  potassium  cyanide  remains  in  solution.  At  the  poedtive  elec- 
trode silver  goes  into  solution  in  equivalent  amount  giving  argentic- 
ion,  and  the  above  equations  are  reversed. 

Mirrors  are  «lvered  through  the  reduction  of  ammonio-alver 
nitrate  by  organic  compounds  such  as  potassium-sodium  tartrate 
(Rochelle  salt),  glyceriue,  formaldehyde  CHtO  (formalin),  or  grape 
sugar:  4AgOH  +  CH,0 -» 3HjO  +  4Ag  J.  +  CO,.  On  a  small 
scale,  dilute  silver  nitrate  is  mixed  with  ammonium  hydroxide  until 
the  solution  is  clear,  and  then  a  little  caustic  potash,  a  few  more 
drops  of  ammonia,  and  finally  a  very  little  glycerine  are  added.  A 
watch-glass  floated  on  this  mixture  quickly  acquires  a  depooit  of 
silver.     The  film  of  silver  is  washed,  dried,  and  varnished. 

Photography.  —  Bromo-gelatine  dry  plates  are  made  by  pre- 
paring an  emulsion  of  gelatine  to  which  silver  nitrate  and  a  slight 
excess  of  ammonium  bromide  have  been  added.  After  the  emulsion 
has  been  kept  warm  unM  the  precipitate  of  silver  bromide  has  coagu- 
lated into  small  granules  ("npenii^"),  it  is  allowed  to  solidify.  It  is 
then  cut  up,  and  the  ammonium  nitrate  is  washed  out  with  water. 
After  drying  and  remelting,  the  emulson  is  finally  applied  to  plates 
of  glass  or  films  of  celluloid.  The  excess  of  ammonium  bromide  and 
the  ripening  both  increase  the  subsequent  sensitiveness  of  the  plates. 
Scott  Areher  (1850)  first  suspended  the  olver  halide  in  a  jelly  (col- 
lodion). 
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After  apomn,  often  for  only  a  fraction  of  a  second,  there  is  no 
viable  alteration  in  the  film.  The  image  is  dsTBkrpsd.  Chemically, 
this  consists  in  reducing  the  silver  bromide  to  metaUic  silver  by  means 
of  reducing  agents.  While  the  whole  of  the  halide  upon  the  plate  is 
reducible,  if  the  reducing  agent  is  kept  upon  it  for' a  sufficient  length 
of  time,  the  parts  reached  by  the  l^ht  are  aEFected  fir^,  and  vith  a 
speed  proportional  to  the  intensity  of  the  illumination  undei^one  by 
each  part.  The  reducing  agent  is  poured  off  when  suffident  "con- 
trast" between  the  parts  variously  illuminated  has  been  attained. 
Development  was  discovered  by  Talbot  (1837),  or  rather  by  his  cat, 
which  upset  an  extract  of  nut-galls  on  some  half-exposed  papers  cov-  - 
ered  with  silver  chloride.  The  unreduced  silver  bromide  is  then  dis- 
solved out  with  sodium  thiosulphate  ("hyposulphite  of  soda"  or 
"hypo"),  first  used  by  Sir  John  Hershell  (1840),  and  the  silver  image 
is  thus  saved  from  obhtemtion  by  the  silver  that  would  be  deposited 
if  the  plate  were  to  be  brought  into  the  light  without  this  treatment 
(fixing).  Theresult  is  a  "negative,"  as  the  parte  brightest  in  the  object 
are  now  opaque,  and  the  darkest  parts  of  the  object  are  transparent. 

The  gelatine  is  the  sensitizing  substance,  and  promotes  the  disso- 
ciation of  the  ffllver  bromide:  2AgBr  ^  2Ag  +  Bri,  which  is  a 
reversible  action,  by  combinii^  with  the  bromine.  Fotassium  bro- 
mide is  added  to  the  developer  if  the  plate  has  been  over-exposed. 
This  restrains  the  development,  by  rendering  the  silver  bromide  leas 
soluble  {cf.  p.  698).     , 

A  common  developer  is  the-  potasraum  salt  of  hydroquinone 
CiH4(0H)i,  which  ^ves  quinone  CgH^Oi: 

2AgBr  +  (K0),CJl4  -» 2Ag  +  2KBr  +  CJI^Oi. 
An  alkaline  solution  of  the  sodium  salt  of  pyrc^Uic  acid  is  often 
used. 

In  printing,  the  light  and  dark  are  again  reversed,  the  denser  parts 
of  the  negative  protecting  the  compounds  on  the  paper  below  it  from 
action,  and  leaving  them  white.  Either  "bromide"  papers  (such  as 
reloz,  invented  by  Baekeland),  which  require  only  brief  exposure 
and  are  developed  like  the  plate,  are  used,  or  silver  cliloride  is  the 
senatjve  substance,  and  prolonged  exposure  to  Ught  is  allowed  to 
liberate  the  proper  amount  of  silver.  The  operation  of  fixing  is 
performed  as  before.  In  toning  chloride  papers,  a  solution  of  sodium 
chlomurate  is  employed.  A  portion  of  the  diver  dissolves,  disjdadng 
gold  (p.  404),  which  is  deposited  in  ite  place: 

NaAuCl*  +  3Ag  -»  NaCl  +  3AgCl  +  Au. 
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The  thin  Shn  of  gold  ^ves  a  richer  color  to  the  print.     In  ptatmum 
toning,  potastuum  chloroplatinite  KtPtCU  is  aimilarly  used. 

Many  other  actions  are  utilized  in  photc^raphy.  Thus,  ferric 
fxxalste  is  reduced  by  hght  to  ferrouB  oxalate:  Fet(CtO(}t  —*  2FeCtOi 
+  2C0t.  When  paper  coated  with  a  solution  of  the  former,  or  with  a 
mixture  of  feme  chloride  and  ammonium  oxalate,  is  used  for  printing, 
the  pale-yellow  ferric  salt  loses  its  color  where  it  has  been  turned  into 
the  ferrous  salt.  If  the  paper  is  then  dipped  in  a  solution  of  ferri- 
cyanlde  of  potassium  Ki.Fe(CN)g  the  ferrous  salt  precipitates  the 
insoluble  and  deep-blue  ferrous  ferricyanide  Fej[Fe(CN)»Ji,  while  the 
unchanged  ferric  salt  simply  gives  a  soluble  brown  substance,  wliich 
can  be  washed  out.  For  r^ular  tlm  prints  ammonium-ferric  titrate 
is  employed  instead  of  the  oxalate.  If  the  above  paper,  after  print- 
ing, is  dipped  in  potasdum  chlocoplatinite  (or  has  been  coated  with 
this  salt  at  the  same  time  that  it  received  the  ferric  oxalate),  and  is 
then  dipped  in  potassium  oxalate  solution,  the  latter  dissolves  the  in- 
soluble ferrous  oxalate,  and  the  potassium-ferrous  oxalate  reduces  the 
platinum  compound,  giving  a  platlniim  print: 

SFeCO*  +  SKtPtCU  -+  2Fej(C0,),  +  2FeC].  +  3Pt  +  6KC1. 

We  have  already  seen  (p.  581)  that  light  of  short  wave-length  — 
blue  and  violet  —  has  the  greatest  effect  upon  silver  halides.  The 
time,  in  seconds,  required  for  equal  effects  is  approximately:  violet 
15,  blue  29,  green  37,  yellow  330,  red  600.  Hence  objects  sbowmg 
to  the  eye  a  variety  of  colors  are  entirely  misrepresented,  as  regards 
the  relative  brightness  of  their  parts,  by  photc^r&phy.  Now  the  im- 
portant fact,  in  this  connection  is,  that  only  that  part  of  the  light 
which  is  absorbed  in  traver«ng  the  film,  and  not  that  which  is  scat- 
tered or  transmitted,  can  be  used  for  chemical  chan^.  Hence,  dip- 
ping plates  in  solutions  of  substances  capable  of  absorbing  yellow  and 
red  radiations  causes  them  to  absorb  more  of  the  enei^  of  these 
photographically  weakest  radiations,  and  to  ^ve  greater  ch^nical 
action  in  response  to  them.  This  partially  restores  the  balance. 
Such  lAates  are  called  orthochronutiie,  and  are  backed  with  sub- 
stances like  edsin  (used  also  in  making  red  ink)  or  cytuiine. 

Analytical  Reactiona  of  Silver  Compounds. — '  Ai^mtic-ion 
Ag'^  is  colorless.  Many  of  its  compounds  are  insoluble,  the  pre- 
dpitation  of  the  chloride,  which  is  insoluble  in  dilute  acids,  being 
used  as  a  test.  Mercurous  chloride  and  lead  chloride  are  also  white 
and  insoluble,  but,  in  ammonium  hydroxide,  silver  chloride  disaolvee, 
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mercurous  chloride  iq.c.)  turns  black,  and  lead  chloride,  which  is 
also  soluble  in  hot  water,  is  oot  alt«red  in  color.  With  excess  of 
ammonium  hydroxide,  silver  salts  give  the  complex  cation  Ag(NHi)i^ 
and,  from  solutions  containing  silver  in  this  form,  only  the  iodide  and 
sulphide  can  be  precipitated.  Sodium  thiosulphate  and  potasdum 
cyanide  dissolve  all  ^Iver  salts,  giving  salts  of  complex  acids  with ' 
silver  in  the  anion  (p.  752).  Zinc  displaces  silver  from  all  forms  of 
combination. 

Gold  Au 

Chemical  Relations  of  the  Etement.  —  This  Tranent  forms 
two  very  incomplete  series  of  compounds  corresponding,  reepectively, 
to  aurous  and  auric  oxides,  Au^O  and  AutOi.  The  former  is  a  feebly 
basic  oxide,  the  latter  acid-forming.  No  mmple  salts  with  oxygen 
acids  are  stable.  All  the  tximpounds  of  gold  are  easily  decomposed 
by  heat  with  liberation  of  the  metal.  All  other  common  metals 
displace  gold  from  solutions  of  its  compounds  (p.  404).  Mild  re- 
ducing agents  likewise  liberate  gold.  The  element  enters  into  many 
complex  anions  (p.  649). 

Occurrence  and  Metallurgy.  —  Gold  is  found  chiefly  in  the 
free  conditicffi  disseminated  in  veins  of  quartz,  or  mixed  with  alluvial 
sand.  Small  quantities  are  found  also  in  sulphide  ores  of  iron,  lead, 
and  copper.  Telluride  of  gold  (sylvanite),  in  which  mlver  takes  the 
place  of  parfi  of  the  gold  [Au,Ag]Tet*,  is  found  in  Colorado.  This 
mineral  when  heated  loses  its  tellurium,  and  gold,  slloyed  with  ralver. 


From  the  alluvial  deposits,  gold  is  usually  separated  by  washing 
in  a  cradle  (densities,  gold  19.32,  rock  about  2.6),  as  in  the  Klondyke. 
Quartz  vdns,  which  in  the  Transvaal  Colony  reach  a  thickness  of  a 
meter  and  carry  an  average  of  18  g.  of  gold  per  ton,  are  mined,  and 
the  material  is  pulverized  with  stamping  machinery.  About  55  per 
cent  of  the  gold  is  then  separated  by  allowing  the  powdered  rock  to 
be  carried  by  a  stream  of  water  over  copper  plates  amalgamated  with 
mercury.  The  gold  dissolves  in  the  latter,  and  is  secured  by  removal 
and  distillation  of  the  amalgam.  The  finer  particles  contained  in 
the  sludge  which  runs  off  {"tailings")  are  extracted  by  adding  a 

*  Amonget  minenUs,  mixed  crystak  of  isomorphoua  Balta  are  bo  com- 
monly found  that  formuls  like  tKe  above  are  constantly  uaed  by  mineralofpats. 
lAu,Ag]Tei  indicates  a  mixture  in  varying  proportione  of  the  isomorphoua  t«Uu- 
ridee  AuTcu  and  AgTe,. 
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dilute  aolutioa  of  sodium  cyanide  (MacArthur-Forest  process)  and 
expodng  the  mixture  to  the  air.  Oxidation  and  simultaneous  intw- 
action  with  the  cyanide  give  sodium  aurocyanide  Na.Au(CN)i. 
Hydrogen  peroxide,  which  is  formed  in  many  oxidations  by  free 
oxygen,  is  produced  also : 

2Au  +  4NaCN  +  2H,0  +  0*  -» 2NaAu{CN),  +  2NaOH  +  H,0„  ' 
2Au  +  4NaCN  +  HjO»  -^  2NaAu(CN)t  +  2NaOH. 

From  this  solution  the  gold  is  isolated,  ^ther  by  electrolym,  in 
which  a  plate  of  lead  forms  the  cathode  (and  is  subsequently  cupelled: 
Siemens-Halske  process),  or  in  the  form  of  a  purple  powder  by  pre- 
cipitation with  zinc.     The  same  cyanide  is  used  for  another  batch. 

The  gold  13  separated  from  ores  oontaintng  ^Iver,  copper,  lead,  and 
other  metals,  and  various  methods  of  refining,  mwnly  electrolytic, 
are  used. 

The  world's  production  of  gold  during  the  first  half  of  the  nine- 
teenth century  averaged  27  tons  annually.  In  1897  it  was  363  tons, 
and  in  1890,  472.6  tons.  This  rapid  increase  in  the  supply  of  gold 
(which  is  our  standard  of  value)  has  made  it  relatively  cheaper,  and 
other  articles  more  expenave.  In  1913  the  total  production  was 
680  tons,  of  which  the  Transvafil  gave  40  per  cent,  the  United  States 
20  per  cent,  and  Australia  12  per  cent,  Russia  6  per  cent,  Mexico 
4  per  cent,  Canada  4  per  cent,  India  nearly  3  per  cent. 

Properties  of  the  Metal.  —  Gold  is  yellow  in  color,  and  is  the 
most  malleable  and  ductile  of  all  the  metals.  It  melts  at  1063°.  \\b 
density  is  19.32.  To  give  it  greater  hardness  it  is  alloyed  with  cop- 
per, the  proportion  of  gold  being  defined  in  "carats."  Pure  gold- 
is  "24r-carat."  British  sovereigns  are  22-carat  and  contain  A  trf 
copper.  American,  French,  and  German  coins  are  2L6-carat,  or 
90  per  cent  gold.  Silver  takes  the  place  of  copper  in  Australian  sov- 
erdgns. 

Gold  is  not  affected  by  free  oxygen  or  by  hydrogen  sulphide.  It 
does  not  displace  hydrogen  from  dilute  acids,  nor  does  it  interact  with 
nitric  or  sulphuric  acids  or  any  oxygen  acids,  except  selenic  add.  It 
combines,  however,  with  free  chlorine  (and  bromine),  and  it  therefore 
interacts  with  a  mixture  of  nitric  and  hydrochloric  acids  {aqua  Tegta), 
which  gives  off  this  gas  (p.  537),  giving  chlorauric  acid  H.AuCU 
(=  SCl,AuCl4),  This  happens,  not  because  aqua  regia  is  more 
active  than  are  any  of  the  substances  it  contains,  but  because  it 
furnishes  both  the  chlorine  and  the  chloride-ion  CI'  required  to  pro- 
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duce  the  exceedingly  stable  (little  dissociated)  anion  AuCU',  Cblo- 
rine-water  (Cli,H'*"iCl~,C!0~)  diaeolves  it  also,  for  the  same  Feasoo. 
Gold  is  the  least  active  of  the  familiar  metids. 

Compounds  with  the  Balogena.  —  Chloraurio  add,  fonned  as 
above,  ia  deposited  in  yellow,  deliquescent  crystals  of  H.AuCU,  4BiO. 
The  yellow  sodium  chloraurate  NaAuCl4,2HtO,  obtained  by  neu- 
tralization of  the  acid,  is  used  in  photography  (p.  756).  The  acid 
gives  up  hydrogen  chloride  when  heated  very  gently,  leaving  the  red, 
crystalline  aurio  ohlorlda  AuCIi.  The  tendency  to  form  complex 
compounds  is  such,  however,  that  when  dissolved  in  water  free  from 
hydrochloric  acid,  this  salt  gives  Hi.AuCljO.  Red  crystals  of 
H»AuCl»0,2HiO  are  deposited  by  the  solution.  When  auric  chloride 
is  heated  to  180°  auroua  chlarids  AuCl  and  chlorine  are  formed.  This 
salt  is  a  white  powder.  It  is  insoluble  in  water,  but  in  boiling  water 
is  converted  quickly  into  auric  chloride  and  free  gold :  3AuCl  — ♦ 
AuCli  +  2Au.'  When  potassium  iodide  is  added  to  a  solution  of 
chlorauric  acid,  or  to  sodium  chloraurate,  the  yellow  Mirons  iodU» 
is  precipitated: 

NaAuCU  +  3KI  -» Naa  +  Aul  j  +  I,  +  3KC1. 

The  action  is  like  that  on  cupric  salts  (p.  741),  and  for  a  omilar 
reason,  namely,  that  auric  iodide  is  not  stable. 

Othar  Compounds.  —  When  caustic  alkalies  are  added  to 
chlorauric  acid,  or  to  sodium  chloraurate,  anrio  bTdroxlda  Au(OH)i 
is  precipitated.  This  substance  is  an  acid,  and  interacts  with  excess 
of  the  base,  forming  auntM.  These  are  derived  from  metHiuric  acid 
(Au(OH)i  —  HtO  =  HAuOx),  as,  for  example,  pot— Inm  aunt* 
K.AuOi,3HiO.  This  salt  interacts  by  double  decomposition,  givii% 
for  instance,  with  silver  nitrate,  the  insoluble  bUtst  aurato  AgAuOs. 
Its  solution  is  alkaline  in  reaction,  a  fact  which  shows  that  auric  acid 
is  a  weak  acid  (c/.  p.  648).  Auric  oxide  AuiO*  is  a  brown,  and 
auToos  oxldB  Au»0  is  a  violet  powder.  With  hydrochloric  add  the 
latter  gives  chlorauric  acid  and  free  gold. 

On  account  of  its  reducing  action,  hydrogen  sulphide  predintates 
from  chlorauric  acid  a  dark-brown  mixture  containing  much  i^unma 
sti^dilde  AutS  and  free  sulphur,  as  well  as  some  uiric  sulphidv  Au^. 
The  sulphides  interact  with  alkali  sulphides,  giving  complex  lulphau- 
rltM  and  sni^hauratM,  such  as  KiAuSt  (=  3KiS,AutS)  and  KAuSi 
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(»  KtS,AutS(),  which  ai%  soluble  (p.  649,  and  see  Tin,  Aisenic,  and 
Antimony). 

The  fturocTmnldeB,  like  K.Au(CN)i  (=>  KCN,AuCN),  and  the 
aurlcywaldM,  like  K.Au(CN)«  (=  KCN,Au(CN),),  are  formed  by  the 
action  of  potaaaum  cyanide  on  aurous  and  auric  oompounds,  re- 
spectively. They  are  colorless  and  soluble.  Their  solutions  are 
tised  as  baths,  in  conjunctipn  with  a  gold  anode,  for  electro^lding. 

Ataiytical  Reactiotu  of  Gold.  —  The  metallic  "streak,"  pro- 
duced by  robbing  the  metal  on  touchstone  (Lydian  stone,  a  black 
basalt),  is  not  ea^y  removed  by  nitric  acid  of  sp.  gr.  1.36  (57.5  per 
cent).  The  fineness  of  the  gold  can  be  determined  by  comparing  the 
effect  of  the  acid  with  that  on  streaks  from  pieces  of  gold  of  known 


In  MMjlnr,  the  material  containing  the  gold  is  heated  irith  borax 
and  lead  in  a  small  crucible  (cupel)  of  bone-ash.  The  lead  and  copper 
are  oxidized,  and  the  oxidea  are  absorbed  by  the  cupel,  leaving  a  drop 
of  molten  alloy  <^  gold  and  silver.  The  oold  button  is  flattened  by 
hammering  and  rolling,  and  treated  with  nitric  add  to  remove  the 
diver.  The  gold,  which  remains  unattaoked,  is  washed,  fused  again, 
and  weighed.  The  acid  will  not  interact  with  the  silver  and  remove  it 
completely  if  the  quantity  of  gold  exceeds  25  per  cent.  When  the 
proportion  of  gold  is  greater  than  this,  a  suitable  amount  of  pure 
diver  is  fused  with  the  alloy  ("quartation"). 

ExertAsea. —  1.  How  nluch  copper  will  be  depodted  per  hour 
on  each  sq.  cm.  of  an  electrode  immersed  in  cupric  sulphate  solution 
when  the  current  density  is  i  ampere  per  sq.  cm.  (p.  357)?  How 
much  copper  would  be  obtained  under  the  same  conditions  from  a 
cuprous  salt? 

2.  Write  equations  for  the  interactions,  (a)  of  salt  water  and 
oxygen  with  copper  (p.  738),  (b)  of  ferrous  oxide  and  sand  (p.  737), 
(c)  of  verdigris,  arsenious  add,  and  acetic  add  (p.  745). 

3.  Write  the  formulse  of  the  basic  chloride,  nitrate,  carbonate, 
and  sulphate  of  copper  as  if  these  subetances  were  composed  of  the 
normal  salt,  the  oxide  and  water  (p.  738). 

4.  Wliat  may  be  the  formula  of  the  compound  of  cupric  hydroxide 
and  sodium  tartrate  (p.  744)7 

5.  Can  you  develop  any  relation  between  the  facts  that  solutions 
of  cupric  salts  are  acid  in  reaction  and  that  th^  ^ve  bade  carbon- 
ates by  precipitation? 

L    ,l,z<,i:,.,  Google 
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6.  Formulate  the  action  of  potaeeium  cyanide  in  dissolving  cupric 
hydroxide  and  cuprous  sulphide,  assuming  that  potassium  cupro- 
cyanide  is  formed. 

7.  How  should  you  set  about  making  cupric  orthophospbate  (in 
solution),  ammonium  cuprocyanide,  and  lead  cuprocyanide? 

8.  Write  the  formulse  of  some  of  the  double  ealts  analogous  to 
potasfflum-cupric  sulfate  (p.  746). 

9.  What  chemical  reagents  are  present  in  a  Bunsen  flame?  If 
borax  beads  were  made  in  the  oxidizing  fiame  with  cupric  chloride, 
cuprous  bromide,  and  cupric  sulphate,  severally,  what  actions  would 
take  place? 

10.  If  the  solubility  ratio  of  silver  in  zinc  and  in  lead  were  1000  ;  1, 
and  2  per  cent  of  zinc  were  used,  what  proportion  of  the  total  mlver 
would  be  secured  by  Parke's  method? 

11.  Which  is  more  stable,  (a)  silver  sulphate  or  cupric  sulphate, 
(6)  silver  nitrate  or  cupric  nitrate?  To  what  salts  are  the  olrer 
compoimds  in  this  respect  more  closely  aUied? 

12.  Write  the  equations  for  the  interaction  of,  (a)  diver  and  con- 
centrated sulphuric  acid,  (6)  silver  chloride  and  sodium  carbonate, 
when  heated  strongly,  (c)  sodium  thiosulphate  and  mlver  bromide, 
(d)  potassium  ferricyanide  and  ferrous  oxalate. 

13.  What  reagents  should  you  use  to  precipitate  the  phosphate, 
arsenate,  and  chromate  of  silver? 

14.  Write  the  equations  for  the  interactions  of,  (a)  gold  and  sdemc 
acid,  in  which  selenious  acid  is  formed,  (b)  potassium  hydroxide  and 
auric  hydroxide,  (c)  potassium  cyanide  and  sodium  chloraurate. 

15.  In  what  respects  are  the  elements  of  this  family  distinctly 
metaUic,  and  in  what  respects  are  they  allied  to  the  non-metals 
(p.  645)? 

16.  Collect  all  the  evidence  tending  to  show  that  the  cuprous  com- 
pounds are  more  stable  than  the  cupric. 

17.  Describe  in  terms  of  the  categories  used  by  the  phase  rule  the 
^stems,  (a)  cupric  nitrate  and  water  at  24.5°  and  (6)  silver  iodide  at 
146°. 

18.  Make  a  clasafied  list  of  the  methods  by  which  cupric  com- 
pounds  are  transformed  into  cuprous,  and  vice  vena. 

19.  Of  which  metals  should  it  be  posdble  to  obtain  colltndal 
suspendons  in  water,  and  of  which  not  (p.  404)7 
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QLUcnniM,  Buamsnw,  zinc,  cadbctth,  ubccbt.   the 

BIGOaNinON  OF  CATIONS  IN  QUALITATm  AHALTBI8 

The  Chemical  Relationg  of  the  Family.  —  The  remaimng 
elements  of  the  third  column  of  the  periodic  table,  namely,  glucinum 
or  beryllium  (GI,  or  Be,  at.  wt.  9.1),  magnesum  (Mg,  at.  wt.  24.32), 
idnc  (Zn,  at.  wt.  65.37),  cadmium  (Cd,  at.  wt.  112.4),  and  mercury 
*  (Hg,  at.  wt.  200.6),  although  all  bivalent,  do  not  form  a  coherent 
family.  Glucinum  and  magnesium  resemble  zinc  and  cadmium,  and 
differ  from  the  calcium  family,  in  that  the  sulphates  are  soluble,  the 
hydroxides  easily  lose  water  leaving  the  oxides,  the  chlorides  are  com- 
paratively volatile,  and  the  metals  are  not  rapidly  rusted  in  the  air 
and  do  not  eaaly  displace  hydrogen  from  water.  They  resemble  the 
calcium  family,  and  differ  from  zinc  and  cadmium,  in  that  the  sul- 
phides are  hydrolyzed  by  water,  the  oxides  are  not  reduced  by  heating 
with  carbon,  complex  cations  are  not  formed  with  ammonia,  and  the 
metals  do  not  enter  into  complex  anions.  But  glucinum  differs  from 
magnefflum  and  resembles  zinc  in  that  its  hydroxide  is  acidic  as  well 
as  ba^c.  This  is  not  unnatural,  Eonce  in  the  periodic  system  it  lies 
between  lithium,  a  metal,  and  boron,  a  non-metal.  Mercury  is  the 
only  member  of  the  group  that  forms  two  series  of  compounds.  These 
are  derived  (p.  488)  from  the  oxides  HgO  and  HgiO.  Mercury  ap- 
proaches the  noble  metals  in  the  ease  with  which  its  oxide  is  decom- 
posed by  heating,  and  in  the  position  of  the  free  element  in  the ' 
electromotive  series. 

The  vapor  densities  of  zinc,  cadmium,  and  mercury  show  the 
vapors  of  these  three  metals  to  be  monatomic. 

The  compounds  of  the  metals  of  this  family  give  no  color  to  the 
borax  bead. 

Glucintjm  Gl 

Oiemical  Relatione  of  the  Elemsnt.  —  Glucinum  (or  beryl- 
hum)  is  bivalent  in  all  its  compounds.     Its  oxide  and  hydroxide  are 
basic,  and  are  also  feebly  acidic  towards  active  bases  (see  Zinc  hydrox- 
ide).    On  account  of  this  fact  and  the  extreme  ease  with  which  its 
763 

.,... .  Coo'ilc 


764  INORGANIC  CHEMISTRY 

carbonate  ffves  up  carbon  dioxide,  in  both  of  which  respects  it  re- 
sembles  alumimmn,  it  was  first  thought  to  be  trivalent.  This  made 
its  atomic  weight  13.6,  the  amount  combining  with  one  chemical  unit 
of  chlorine  being  4.55.  In  the  periodic  system,  however,  there  was  a 
spaceforabivalent  element  with  the  atomic  weight  9.1  (=  2  X  4.55) 
between  lithium  and  boron,  and  none  for  a  trivalent  element.  Later 
(1884)  Nilson  and  Pettersson  determined  the  vapor  den^ty  of  the 
chloride  and  of  certain  oi^anic  compounds  of  the  element,  and  found 
only  9.1  parts  of  glucinum  in  the  molar  weights  of  the  compounds. 
The  element  derives  its  name  from  the  sweet  taste  of  its  salts  (Gk. 
yXumi,  sweet). 

The  Metal  and  its  Compounda.  — Glucinum  occuis  in  beryl, 
a  meta^cate  of  glucinum  and  aluminium  AljGlt(SiOi)«.  Specimens 
of  beryl  tinted  green  by  the  presence  of  a  little  silicate  of  chromiimi 
are  known  as  emeralds.  The  metal  may  be  obtained  by  electrolyas 
of  the  easily  fusible  double  fluoride  GlFi,2KF.  In  powdered  form  it 
bums  when  heated  in  the  air.  It  displaces  hydrogen  from  dilute 
acids,  and  also,  when  heated,  from  caustic  potash:  Gl  +  2KOH  — * 
KiGlOi  +  Hi.  The  oxide  interacts  with  acids  and  with  strong  bases. 
The  salts  ^ve  no  color  to  the  Bunsen  flame. 

Maonesidm  Mo 

Chemical  Retatutna  of  the  Element.  —  Magnesum  is.tnva- 
lent  in  all  its  compounds.  The  oxide  and  hydroxide  are  basic  ex- 
clusively.    The  element  does  not  enter  into  complex  cations  or  anions. 

Occurrence.  —  Magnefaum  carbonate  occurs  alone  as  magne- 
Mte,  and  in  a  double  salt  with  calcium  carbonate  MgCOi,CaCO»  as 
dolomite.  The  sulphate  and  chloride  are  found  as  hydrates  and  as 
constituents  of  double  salts  {see  below)  in  the  Stassfurt  deposits. 
Silicates  are  also  common.  Olivine  is  the  orthosilicate  MgiSiO*. 
Serpentine  is  a  hydrated  disilicate,  [Mg,Fe]^it07,2HiO,  as  is  also 
meerschaum.  Asbestos  is  an  anhydrous  siUcate.  Talc  (aoapstone) 
is  HtMgi(SiOt)4.  The  element  derives  its  name  from  Magnesia,  a 
town  in  Asia  Minor. 

The  Metal.  —  Magneaum  is  manufactiu^  by  electrdyas  of 
dehydrated  and  fused  camallite  MgClj,KCl,6HiO.  The  irtm  cruci- 
ble in  which  the  material  is  melted  forms  the  cathode,  and  a  rod  of 
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carbon  the  anode.  The  metal  is  silver-white,  and  when  heated  can 
be  i^'essed  into  wire  and  rolled  into  ribbon  {in.-p.  651°,  b.-p,  1100°). 
Commercial  specimens  of  the  latter  often  contain  zinc. 

Chemically  the  metal  is  less  active  than  are  the  metals  of  the  alka- 
line earths.  It  slowly  becomes  coated  with  a  layer  of  a  basic  car- 
bonate, which  ia  non-coherent  and  so  does  not  protect  the  metal 
from  rusting  completely.  It  displaces  hydrogen  slowly  from  boiling 
water,  and  does  so '  rapidly  if  some  ammonium  chloride  is  added 
to  interact  with  the  layer  of  the  hydroxide,  and,  of  course,  rapidly 
from  cold,  dilute  acids.  Magnesium  bums  in  air  with  a  white  Ught, 
rich  in  rays  of  short  wave-lei^h  such  as  act  upon  photographic 
plates  (p.  757).  The  ash  contains  the  nitrlds  Mg^t,  as  well  as  the 
oxide.  The  former  interacts  with  water  to  ^ve  ammonia  (p.  S14). 
When  the  metal  is  heated  with  the  oxides  of  boron,  of  ralicon,  and  of 
many  of  the  metals,  it  combines  with  the  oxygen  and  liberates  the 
other  element. 

Powdered  magne^um  is  used  ini  pyrotechny  and,  with  potassium 
chlorate  (10  :  17),  in  making  flasb-ligbt  powder  for  use  in  photog- 
raphy. 

Magnegium  Chloride  AfgCht6HtO.  —  This  salt  occurs  in  salt 
deposits.  It  is  a  highly  deliquescent  compound,  obtained  also  by 
evaporating  an  aqueous  solution,  and  as  camallite  MgCli,KCl,6HiO. 
The  latter  is  an  important  source  of  potassium  chloride  (p.  664),  and 
almost  all  the  magnesium  chloride  combined  with  it  is  thrown  away. 
When  the  hexahydrate  is  heated,  a  part  of  the  chloride  is  hydrolyzed, 
some  magnesium  oxide  remaining,  and  some  bydn^en  chloride  being 
given  off.  Sea-water  cannot  l)e  used  in  ships'  boilers  because  of  the 
hydrochloric  acid  hberated  by  the  magne^um  chloride  which  the 
water  contains.  The  salt  forms  a  double  chloride  with  ammonium 
chloride  MgClt,NH«Cl,6HaO  which  is  isomorphoua  with  camallite, 
and  this  salt  can  be  dehydrated  without  hydrolysis  of  the  chloride. 
Afterwards  the  ammonium  chloride  can  be  volatilised  (p.  520).  To 
utilize  natural  magne^siiun  chloride,  the  manufacture  of  chlorine  from 
it,  by  passing  air  and  steam  over  the  salt  at  a  high  temperature,  has 
been  attempted: 

4MgCl,  +  2H,0  4-  0,-»4MgO  +  4HC1  -|-  2CI,. 

The  Oxide  and  Hydroxide,  —  Hacnssium  <»dd«  MgO  is  made 
by  beating  the  carbonate,  and  is  known  as  oaldnKl  magnwlai  It  is 
a  white,  highly  infusible  powder,  and  is  used  for  lining  electric  fur- 
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naces  and  making  crucibles.  It  ctHnbinee  slowly  with  wat«r  to  form 
the  hydroxide  Mg(OH)». 

The  hydroilde  is  fomid  in  nature  as  bructte.  It  is  also  predi»- 
tated  from  solutions  of  magnesium  salts  by  alkalies.  It  is  very 
slightly  soluble  in  water,  much  less  so  than  calcium  hydroxide,  but 
more  bo  than  are  the  hydroxides  of  zinc  and  the  other  heavy  metals. 
The  solution  has  a  funt  alkaline  reaction.  When  magnedum  chlo- 
ride is  added  to  the  moist  hydroxide,  a  hydrated  basic  chloride, 
{Mg(OH).)„{MgCU)„(H,0),  is  formed.  The  mixture,  to  which 
sawdust  is  sometimes  added,  is  used  as. a  plaster-finish  in  boilding. 

Magnesium  hydroxide  is  not  precipitated  by  ammonium  hydroxide 
when  ammonium  s^ts  are  present  also.  The  ammoniuin  salts,  being 
highly  ionized  and  giving  a  high  concentration  of  ammonium-ioa 
NHi'^,  repress  the  ionization  of  the  feeb^  ionized  ammonium  hydrox- 
ide, and  so  reduce  the  concentration  of  hydroxide-ion  which  it  fur- 
nishes. With  the  ordinary  concentration  of  Mg++,  therefore,  the 
amount  of  hydroxide-ion  existing  in  presence  of  excess  of  s  salt  of 
ammonium  is  too  small  to  bring  the  ion  product  [Mg++]  X  (OH-]* 
up  to  the  value  required  for  precipitation  (p.  698).  Conversely,  mag- 
nedum  hydroxide  interacts  with  solutions  of  ammonium  salts  and 
passes  into  solution : 

Mg(OH),(soUd)  f±  MgCOH),  7=t  Ug^  +  20H-  1  _  „^„  ™ 

In  presence  of  excess  of  Eunmouium  chloride,  the  OH~  combines  with 
NH(+  to  form  moleculai  ammonium  hydroxide,  and  the  equilibria  in 
the  upper  line  are  displaced  forwards  to  generate  a  further  supply  of 
the  0H~.  With  sufficiently  great  concentration  of  the  anmionium 
chloride,  all  the  magnesium  hydroxide  may  thus  dissolve;  with  qply  a 
small  excess,  a  condition  of  equilibrium  with  solid  magnesium  hydrox- 
ide is  reached.  The  whole  case  is  analogous  to  the  interact^n  of 
acids  with  insoluble  salts  (p.  713).  Magnesium  oxide  also  dissolvee 
in  salts  of  ammonium.  It  gives  first  the  hydroxide  by  interaction 
with  the  water. 

MagneBium  Carbonates. — The  normal  oarbonate  MgCOt  (mag- 
nesite)  is  found  in  nature.  Only  hydrated  basic  carbonates  are 
formed  by  precipitation,  and  their  composition  varies  with  the 
conditions.  The  carbonate  manufactured  in  large  amoimts  and 
sold  as  nuenasU  alba  is  approximately  Mg4(OH)t(COt)i.3HiO.     It 
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ia  used  ia  medicine  and  as  a  cosmetic.  The  carbonates  are  not  pre- 
dpitated  in  the  presence  of  ammonium  salts,  and  interact  with  such 
salta  in  the  same  way  as  does  the  hydroxide. 

MagneBtum  Sulphate  MgSO*.  —  The    common   Iwptahydrstc 

M^0(,7H|0  crystallizes  from  cold  water  in  rhombic  prisms,  and  is 
called  Kpaom  ulu.  At  0°  a  dodacahydiate  appears.  The  hepta- 
hydrate  is  efflorescent,  and  loses  ita  water  by  stages  and  with  decreas- 
ing aqueous  tension.  The  monohrdnt*,  found  in  the  salt  layers  as 
kieserite  MgSOi,HiO,  has  a  very  low  aqueous  tensioQ,  and  is  not 
rapidly  dehydrated  except  above  200°.  The  heptar  and  monohy- 
drates  present  a  striking  case  of  difference  in  solubility  in  two  forms 
of  one  salt,  the  fonner  giving  at  15°  a  solution  containing  33.8  g.  of 
the  sulphate  in  100  g.  of  water,  while  the  latter  is  almost  insoluble. 
Magnesium  sulphate  is  used  in  the  manufacture  of  sodium  and 
potassium  sulphates,  and  is  employed  also  for  "loading"  cotton 
goods,  and  as  a  purgative. 

Magnenttm  Sulplude  MgS.  —  The  sulphide  may  be  formed 
by  heating  the  metal  with  sulphur.  It  is  insoluble  in  water,  but  is 
decomposed  and  gives,  finally,  hydrogen  sulphide  and  magnptdnm 
hydroxide: 

2MgS  +  2H,0  fc5Mg(SH),  +  Mg(OH)„ 
Mg(SH),  +  2HtO  ^  Mg(OH),  I  +  2H,S. 

The  hydrolysis  is  more  complete  than  in  the  case  of  caldum  sulphide, 
and  eliminates  all  the  hydrogen  sulphide,  because  magnesium  hydrox- 
ide is  much  more  insoluble  than  is  calcium  hydroxide,  and  so  there  is 
little  reverse  interaction  tending  to  reproduce  the  soluble  hydro- 
sulphide  Mg(SH),. 

Phosphates  of  Magnetnum.  —  The  only  phosphate  of  impor- 
tance is  amnumlum-macnNtum  orthopboapbate  NH4MgP04,6HtO, 
which  appears  as  a  crystalline  precipitate  when  sodium  phosphate  and 
ammonium  hydroxide  (and  chloride,  p.  766)  are  mixed  with  a  solution 
of  a  magnesium  salt.  This  compound  is  insoluble  in  water  containing 
ammonium  hydroxide,  and  Is  used  in  quantitative  analysis  for  esti- 
mating both  magne^um  and  phosphoric  acid.  Before  being  weighed 
the  precipitate  is  ignited,  and  is  thus  converted  into  the  anhydrous 
pjrrophosphate  of  magueaum  M^PiOi.  The  salt  NH4MgAsO«,6HiO 
has  similar  properties,  and  ia  used  for  estimating  arsenic  aind. 
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AtuUyHeal  Reactions  of  Magne^um  Cotnpoundt. — ^The  mag- 
neuum  ion  Mg^"**  b  colorless  and  bivalent.  It  does  not  enter  iato 
complex  ions.  Soluble  carbonates  precipitate  basic  carbonates  of 
magnedum,  but  not  when  ammonium  salts  are  present.  The  latter  . 
limitation  distinguishes  compounds  of  magnesium  from  those  of  the 
calcium  family.  Potassium  hydroxide  precipitates  the  hydroxide  of 
magnedum,  except  when  salts  of  ammonium  are  present.  The 
mixed  phosphate  of  ammonium  and  magnesium,  in  presence  ctf 
ammoniimi  hydroxide,  is  the  least  soluble  salt. 

Zinc  Zn 
Chemical  Relations  of  tfi«  Element.  —  fflnc  is  bivalent  in  all 
ita  compounds.  Of  these  there  are  two  sets,  —  the  more  numerous 
and  important  one  in  which  zinc  is  the  podtive  radical  (Zn-SO^, 
Zn.Cli,  etc.),  and  a  less  numerous  set,  the  zincates,  in  which  zinc  ia 
in  the  negative  radical  (Na-HZnOi,  etc.).  Both  sets  of  salts  are 
hydrolyzed  by  water,  as  the  hydroxide  is  feeble  whether  it  ia  con- 
Eddered  as  an  acid  or  as  a  base.  The  element  alao  enters  into  com- 
plex cations  and  anions.    The  salts  are  all  poisonous. 

OccurreruM  and  Extraction  from  the  Orea.  —  The  chief 
sources  of  zinc  are  calamine  Zn^iO^jHiO,  smithsonite  ZnCX)g,  zinc- 
blende  (Ger.  blenden,  to  dazzle)  or  sphalerite  ZnS,  franklinite 
Zn.(FeOi)*,  and  zinint«  ZnO.  The  red  color  of  the  last  is  due  to 
the  presence  of  mai^anese. 

The  ores  are  firet  concentrated  by  froth  flotation  (p.  737).  They 
are  then  converted  into  oxide  —  the  carbonate  by  ignition,  and  the 
sulphide  by  roasting.  The  sulphur  dioxide  ia  used  to  make  sulphuric 
acid.  A  mixture  of  the  oxide  with  coal  is  then  distilled  in  earthen- 
ware retorts  at  1300-1400°,  the  zinc  condensing  in  earthenware 
receivers,  while  carbon  monoxide  bums  at  a  small  opening: 
2ZnS  +  30,  -*  2ZnO  +  2S0,, 
ZnO  +  C  -» CO  +  Zn. 

At  Gist  zinc  dust,  a  mixture  of  zinc  and  zinc  oxide,  collects  in  the 
receiver,  and  afterwards  Uquid  zinc.  The  product,  which  is  cast  in 
blocks,  is  called  spelter.  It  contains  small  amounts  of  lead,  arsenic, 
iron,  gallium,  and  cadmium,  because  the  sulphides  of  these  metals  are 
almost  invariably  present  in  zinc-blende.  The  amounts  of  spelter 
manufactured  (1913)  were  Unitod  States  346,700  short  tons,  Germany 
312,000,  Belgium  218,000,  Great  Britain  65,000. 

I  Mz,,!:,.,  Google 
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.  Properlie»  arid  Vaea  of  the  Metal,  —  Zinc  is  a  bluish-vhite, 
crystallme  metal.  When  cold  it  is  brittle,  but  at  120-150°  it  can  be 
rcjled  into  sheets  between  heated  rollers  and  then  retains  its  pliability 
when  cold.  At  200-300°  the  metal  becomes  once  more  brittle,  at 
419.4°  it  melts,  and  at  925°  it  boils.  The  va[>or  density  at  1740°  is 
2.64  (air  -  1),  and  the  molecular  weight,  therefore,  2.38  X  28.955 
(p.  233)  or  68.9.     The  gas  is  thus  monatomic. 

The  metal  bums  in  air  with  a  greenish  flame,  giving  zinc  oxide.  . 
When  cold  it  is  not  affected  by  dry  air,  but  in  moist  air  it  is  oxidized, 
and  becomes  covered  with  a  firmly  adhering,  non-pprous  layer  of 
basic  carbonate  which  protects  it  from  further  action.  The  metal 
displaces  hydrogen  from  dilute  acids,  but  with  pure  specimens  the 
action  almost  ceases  in  consequence  of  the  formation  of  a  layer  of 
condensed  hydrogen  on  the  surface.  Contact  with  a  less  electro- 
positive metal,  such  as  lead,  iron,  copper,  or  platinum,  enables  the 
action  to  go  on,  because  the  hydrogen  is  then  liberated  at  the  surface 
of  the  other  metal  (see  Electromotive  chemistry).  Crude  zdnc  con- 
tains lead  and  iron  and  is  therefore  more  active  than  pure  zinc. 
Zinc  also  attacks  boiling  alkalies,  giving  the  soluble  zincate  (see 
below);  KOH  +  Zn  +  HjO  -*  KHZnO,  +  H,.  The  action  on  am- 
monium hydroxide  is  slower  and  different  in  nature: 

Zn  +  2H,0  +  4NH,  -»  Zd(NH4)4.(0H),  +  H^ 

a  complex  cation  bedng  formed. 

Sheet  zinc,  in  consequence  of  its  lightness  (density  7),  is  used  in 
preference  to  lead  (density  11.5)  for  roofs,  gutters,  and  arohitectural 
ornaments.  Galvanized  iron  is  made  by  dipping  sheet  iron,  cleaned 
with  sulphuric  acid  or  the  sand  blast,  into  molten  zinc.  The  latter, 
being  more  active  (p.  404),  is  rusted  instead  of  the  iron,  but  the  rust- 
ing is  very  slight.  Objects  of  iron,  cleaned  and  baked  in  zinc  dust, 
also  acquire  a  coating  of  zinc  (sherardizing).  Zinc  is  used  also  in 
batteries  and  for  making  alloys  (p.  644).  It  mixes  in  all  proportions 
with  tin,  copper,  and  antimony,  but  with  lead  (p.  749)  and  with 
bismuth  separation  into  two  layers  occurs,  each  metal  dissolving  only 
a  little  of  the  other.  The  two  different  modes  of  behavior  resemble 
those  of  alcohol  and  water  (p.  179)  and  ether  and  water  (p.  180), 
respectively. 

Zinc  Chloride  ZnCk-  —  This  salt  is  usually  manufactured  by 
treating  zinc  with  excess  of  hydrochloric  acid,  evaporating  the  solu- 
tion to  dryness,  and  fusing  the  residue.    When  hydrochloric  acid  is 
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thus  present,  the  chloride  ZnCU  ia  obtained.  EvaporatJon  of  tbe 
pure  aqueous  aolution,  which  is  acid  in  reaction,  results  in  consider- 
able bydrolyais  and  formation  of  much  of  the  ba^c  chloride  ZniOCU: 

ZnCl,  +  HtO  ^  HCl  4-"Zd(0H)C1,  (1) 

2Zn(0H)Cl  -*  ZmOCU  +  H,0.  (2) 

The  salt  is  us«d  in  solid  form  as  a  caustic  and,  by  injection  of  a  solu- 
tion into  wood  {e.g.,  railway  sleepers),  as  a  poison  to  prevent  the 
growth  of  organisms  which  promote  decay.  In  both  cases  the  Bait 
combines  with -proteins,  forming  solid  products.  The  aqueous  solu- 
tion, being  acid,  is  employed  also  for  dissolving  the  oxides  from 
surf  aces  which  are  to  l)e  soldered.  The  acid  is  reproduced  by  hydrol- 
ysis as  fast  as  it  is  used,  and  finally  the  oxychloride  remains  (equation 
1  above).  The  hot  solution  also  gelatinizes  and  dissolves  cellulose 
(cotton  or  paper),  or  probably  takes  it  into  colloidal  suspensioD. 
When  the  solution  is  pressed  through  an  orifice  into  alcohol,  the  cel- 
lulose is  predpitated  in  tbe  form  of  a  thread.  By  carbonizing  such 
threads,  carbon  filaments  for  incandescent  lamps  are  made. 

Zinc  Oxide  and  Hydroxide  and  the  Zincates.  —  The  oilde 

ZnO  is  obtained  as  a  white  powder  by  burning  zinc  or  by  heating  tbe 
precipitated  ba^c  carbonate.  It  turns  yellow  when  heated,  recover- 
ing ita  whiteness  when  cold,  in  the  same  way  that  mercuric  oxide  is 
brown  whilst  hot  and  bright  red  when  cold.  It  is  us«d  in  nmlring 
a  paint  —  zinc-white  or  Chinese  white  —  which  is  not  darkened  by 
hydrogen  sulphide.  It  is  also  used  as  a  filler  in  rubber  automobile 
tires.  For  filhng  teeth,  dentists  sometimes  use  a  paste  made  by 
mixii^  the  oxide  with  a  strong  solution  of  zinc  chloride.  It  quickly 
sets  to  a  hard  mass  of  oxychloride. 

The  brdraxida  Zn(OH)]  of  zinc  appears  as  a  white,  flocculent 
solid  when  ^kalies  are  added  to  solutions  of  zinc  salts.  It  interacts 
as  a  basic  hydroxide  with  acids,  ^ving  salts  of  zinc: 

Zn(OH),  +  HjSO*  ?s  Zn-SO*  +  2HtO. 

It  also  interacts  with  excess  of  the  alkali  employed  to  precipitate  it, 
giving  a  soluble  xlnoate,  such  as  potMdum  liiieate  KHZnOt: 

HtZnOjT  +  KOH  ?±  K.HZnO,  +  HjO. 

Both  actions  are  reversible,  and  the  second  requires  a  considerable 
excess  of  alkali  for  its  completion:  in  fact,  some  of  the  zinc  hydroxide 
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seems  to  be  simply  in  colloidal  suspension.  It  is  evident  that  zinc 
bydroxide  when  in  solution  is  ionized  both  as  an  acid  and  as  a  base: 

H+  +  HZnOj-  *^  Zn(OH)s  (dslvd)  *=t  Zn++  +  20H- 

jr 

Zn(OH)s  (solid) 

The  ionization  as  an  acid  is  less  than  that  aa  a  base,  but  both  are 
small.'  Addition  of  an  acid  like  sulphuric  acid,  however,  furnishes 
hydrogen-ion,  the  hydroxide  ions  combine  with  this  to  form  water, 
and  all  the  equihbria  are  displaced  to  the  right.  With  a  base,  on  the 
other  hand,  the  hydrogen-ion  is  removed  and  the  basic  ionization 
simultaneously  repressed,  so  that  the  equilibria  are  displaced  to  the 
left.    Such  a  substance  is  called  amphotoiiG. 

Zinc  hydroxide  interacts  with  anmionium  hydroxide,  giving  a 
soluble  complex  compound  ammonlo-xlnc  brdrozlds  Zn(NHi)4.(0H)t. 
The  case  ia  like  those  of  copper  (p.  743)  and  silver  hydroxides  (p.  763), 
and  not  hkc  that  of  magnesium  hydroxide  (p.  766). 

Compounds  of  zinc,  when  heated  in  the  Bunseo  Same  with  a  salt 
of  cobalt,  give  a  zlncatv  of  cobalt  (Rinmann's  green)  CoZnOi. 

Hydrogen  sulphide  precipitates  zinc  sulphide  from  solutions  pf 
zincates  and  from  solutions  containing  ammonia,  so  that  some  sine 
ions  Zn"*^  are  present  in  both. 

Carbonates  of  Zinc.  —  The  noimal  zinc  oarbonats  ZnCO*  may 
be  precipitated  by  means  of  sodium  bicarbonate: 

ZnSO.  -I-  2NaHC0i  -♦  Na^O,  -H  ZnCO,  +  HjO  +  CO,. 

The  normal  carbonate  of  sodium,  however,  gives  baiia  oarbonatM, 
such  as  Zn!{OH)sCO»,  which,  as  in  the  tase  of  magnesium  (p.  766), 
'  vary  in  composition  accordit^  to  the  conditions. 

Zinc  Sulphate  ZnSOi,  —  This  salt  is  formed  by  oxidation 
when  zinc-blende  is  roasted.  It  gives  rhbmbic  crystals  of  the  hydrate 
ZnS04,7H30.  This,  and  the  corresponding  com[K)unds  of  magne- 
sium MgSO<,7HsO,  of  iron  FeSO«,7HtO,  and  of  several  other  bivalent 
metals,  are  all  isomorphous,  and  are  known  as  vitriols.  The  zinc 
salt  is  white  vitrioL  Like  Epsom  salts,  it  is  dehydrated  by  stages, 
the  last  molecule  of  water  beii^  difficult  to  remove.  It  is  used  in 
cotton-printing  and  as  an  eye-wash  (i  per  cent  solution). 

The  salt  ^ves  double  salts  with  potassium  or  ammonium  sul- 
phate, of  the  form  ZnS04,KiS04,6HiO,  which  crystallize  in  the  mono- 
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symmetric  system,  and  arensomorphouB  with  each  other,  and  with 
double  salts  contaimng  copper  (p.  746),  mercury  {Hg"),  iron  (Fe"), 
magneflium,  and  other  bivalent  elements  in  place  of  the  idnc.  These 
compounds,  unlike  the  complex  cyanides,  are  almost  completdy 
decomposed  in  dilute  solution  {cf,  p.  402). 

Zinc  Sufpfiitie  ZnS.  —  This  compound  is  the  only  familiar  sul- 
phide which  is  white.  The  yellow  color  of  zinc-blende  is  caused  hy 
the  presence  of  sulphide  of  iron.  Zinc  sulphide  is  more  soluble  in 
wat^  than  is  sulphide  of  copper,  and  hence  it  interacts  with  excess 
of  strong  acids,  and  passes  into  solution.  It  is  not  soluble  enoi^, 
however,  to  be  much  affected  by  weak  acids  like  acetic  acid.  This 
sort  of  behavior  is  shown  also  by  calcium  oxalate  (p.  713),  and  was 
discussed  fully  in  that  connection.  Zinc  sulphide  is  thus  capable  of 
being  almost  completely  precipitated  when  acetic  acid  is  present,  or 
when  hydrogen  sulphide  is  led  into  a  solution  of  the  acetate  of  zinc: 

Zn(C,HA).  +  H,8  ?=i  ZnSi  +  2HUH.0.. 

But  when  an  active  acid  is  present,  or  is  formed,  the  sulphide  is  ih«- 
dpitated  veiy  incompletely  or  not  at  all,  the  action  being  highly 
reversible: 

ZnSO,  +  H,S  f^  ZnS  +  HiSO*. 

There  are  thus  two  ways  of  obtaining  the  sulphide  by  predpitar 
tion.  A  soluble  sulphide  causes  it  to  be  thrown  down  completely 
because  no  acid  is  hberated  in  the  action: 

ZnCli  -I-  (NH4).S  Ti  ZnSj  +  2^^Gi. 

.  The  other  method  is  to  add  sodium  acetate  to  the  solution  of  the  salt, 
and  then  lead  in  hydrogen  sulphide.  The  acid,  Uberat«d  by  the 
action  upon  the  salt,  interacts  with  the  sodium  acetate,  ^ving  a 
neutral  salt  of  sodium  and  acetic  acid,  and  the  zinc  sulphide  is  not 
much  affected  by  the  latter:  In  terms  of  ions,  the  hydn^en-ion, 
liberated  as  the  hydrogen  sulphide  interacts  with  the  zinc  salt,  com- 
bines with  acetate-ion  introduced  by  the  sodium  acetate,  and  pves 
the  little-ionized  acetic  acid.     For  iu«,  see  lithopone  (p.  730). 

Amdytical  Reactuma  of  Zinc  Salts.  —  Zinc  sulphide  is  pre- 
cipitated by  the  addition  of  ammonium  sulphide  to  solutions  of  zinc 
salts  and  of  lincates.  Sodium  hydroxide  ^ves  the  insoluble  hydrox- 
ide, which,  however,  interacts  with  excess  of  the  alkali,  giving  the 
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soluble  zincate  of  sodium.    Compouoda  of  zinc,  when  heated  on 
charcoal  with  cobalt  nitrate,  ^ve  BJmnann's  green  (p.  771). 

Cadmiuu  Cd 

Chemical  ReJations  qf  the  Element.  —  This  element  is  biva- 
lent in  all  its  compounds.  Its  oxide  and  hydroxide  are  basic  exclu- 
sively, and  the  a^ta  are  not  hydrolyzed  by  water.  It  enters  into 
complex  compounds  having  the  ions  Cd(NHi)t+*,  Cd(CN)t=,  and 
Cdl,=. 

The  Metal.  —  Aade  from  the  rare  mineral  greenocMte  CdS, 
cadmium  is  found  only  in  small  amounts  (about  0.5  per  cent),  as 
carbonate  and  sulphide,  in  the  corresponding  ores  of  zinc.  During 
the  reduction,  beii^  more  volatile  than  zinc,  it  distils  over  first 
(b.-p.  778°).  The  metal  is  white,  and  is  much  more  malleable  than 
is  zinc.     It  melte  at  320°. 

It  displaces  hydrogen  from  dilute  acids,  but  is  itself  displaced 
from  solutions  of  its  compounds  by  zinc,  since  it  is  less  electro-positive. 
It  is  uMd  in  making*fuBibIe  alloys. 

Compounds  of  Cadmium.  —  The  chlorld*  CdCls,2HiO  iff  efflo- 
rescent and  is  not  hydrolyzed  during  dehydration  or  in  solution. 
Zinc  chloride  (p.  770)  is  deliquescent  and  is  easily  hydrolyzed.  The 
halides  are  less  ionized  than  are  the  corresponding  compounds  of 
most  other  metals.  The  iodide  Cdit,  in  petrticular,  seems  to  exist  in 
solution  as  Cd.CdIi,  and  the  complex  anion  ^ves  little  ionic  cad- 
mium. On  account  of  this  fact  even  the  sulphide  cannot  be  pre- 
cipitated completely  from  a  solution  of  the  iodide.  Conversely, 
hydriodic  acid  dissolves  the  sulphide  to  a  much  greater  extent  than 
do  other  acids  (see  below). 

The  white  hydroiid*  is  made  by  precipitation,  and  interacts  as  a 
baffle  hydroxide  with  acids,  but  not  at  all  with  bases.  It  dissolves 
in  ammonium  hydroxide,  however,  forming  Cd(NH»)«.COH)i.  The 
oxlda  CdO  is  a  brown  powder,  obtained  by  heating  the  hydroxide, 
carbonate,  or  nitrate,  or  by  burning  the  metal. 

The  lulpbato  crystallizes  as  3CdSO«,8HjO,  and  is  not  isomor- 
phous  with  the  sulphates  of  zinc  and  magnesium.  Soluble  carbonates 
throw  down  the  normal  carbonate  CdCOa,  and  not  a  basic  carbonate. 

Hydn^en  sulphide  precipitates  the  yellow  •ulpblde  CdS  even 
from  acid  solutions  of  the  salts.    The  substance  is  used  as  a  pigment. 


The  sulphide  of  cadmium,  however,  is  less  insoluble  in  water  than  are 
the  sulphides  of  copper  and  mercury,  and  therefore  cannot  be  precip- 
itated from  a  strongly  acid  solution  (e.g.,  HCl  >  0.3i\r). 

The  Solubilities  of  the  Sulphides  of  the  Metals.  — The 

reader  will  remember  the  order  of  solubiUty  of  the  metallic  sul- 
phides more  easily  if  he  notes  that  it  is  practicaUy  the  same  as  the 
order  of  activity  of  the  free  metals  (p.  404).  Thus,  the  sulphides 
down  to  that  of  aluminium  are  dissolved  by  water  (KiS  and  NatS), 
or  are  decomposed  by  water  (BaS,  SrS,  CaS,  MgS,  AltSj).  The 
hydroxides  formed,  being  soluble  (except  A1(0H3)),  the  whole  dis- 
solves except  in  the  caae  of  AltS|.  Ferrous  sulphide  is  insoluble  in 
water,  but  is  soluble  enough  to  interact  with  (and  dissolve  in)  dilute 
acids  to  some  extent,  even  with  a  feeble  one  Uke  acetic  acid.  Zinc 
sulphide  requires  a  dilute  active  acid;  cadmium  sulphide  requires  a 
higher  concentration  of  an  active  acid,  as  do  also  CoS  and  NiS; 
Gupric  sulphide  requires  an  oxidizing  acid  like  hot  nitric  acid;  and 
mere  uric  sulphide  resists  even  this. 

The  molar  solubihties  of  the  sulphides  in  water  have  not 
been  determined  with  great  exactness,  but  are  approximately  as 
follows: 


'  Mn8,  O.OrOe 
FeS,  0.(M 
ZnS,  0.0ii7 


PbR, 

.    Ag,S,  0.0u2 

cm 

0,0,-7 

CuS,  O.OmI 

B.,S. 

00..1 

HgS,  O.OkS 

Analytical  Reactions  of  Cadmium  Compounds^  —  The  cad- 
mium ion  Cd^*-*'  is  bivalent  and  colorless.  The  yellow  cadmium  sul- 
phide is  precipitated  by  hydrogen  sulphide,  even  from  acid  solutions 
of  the  salts.  It  is  also  precipitated  from  solutions  containing  the 
complex  cation  Cki(NHi)4++  and  the  complex  anion  Cd{CN)4~,  as,  for 
example,  f  rem  a  solution  made  by  adding  excess  of  potasaum  cyanide 
to  cadmium  chloride  solution  (Ka.Cd{CN)4).  The  latter  property 
enables  cadmium  to  be  separated  from  copper  (p.  746).  The  white 
hydroxide  is  thrown  down  by  sodium  hydroxide,  and  is  not  soluble  in 
excess  of  this  negent.  It  is  not  formed  from  solutions  containing  the 
Cd{NHi)i-*+  and  Cd(CN)4~  ions,  and  interacts  with  ammomum 
hydroxide  to  give  the  soluble  CdCNHs)*(OH)a.  These  and  other 
precipitations  are  not  complete  when  cadiuium  iodide  Cd.CdIt  is 
used. 

D,a,l,;t!dby'G00gIq 
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Mebcort  Hg 

ChenUcal  Relations  cj  the  £Iem«nt.  —  Like  copper,  this  ele- 
ment enters  into  two  wriM  of  compounds,  the  marounnu  Hg'  and 
the  mneuric  Hg",  in  which  it  is  univ&Ient  and  bivalent,  respectively. 
The  merctirous  balides,  like  the  cuprous  halides  (and  the  argentic 
halides),  are  insoluble  in  water  and  are  decomposed  by  light.  There 
are,  however,  stable  mereurous  as  well  as  mercuric  salts  of  oxygen 
acids.  Both  of  the  <»dde8,  HgtO  and  HgO,  are  basic  exclusively, 
but  in  a  feeble  degree.  The  hydroxidee,  Uke  Edlver  hydroxide,  are 
not  stable,  and  loee  water,  giving  the  c^ddes.  The  salts  of  both  sets 
are  markedly  hydrolyaed  by  water,  and  baac  salts  are  therefore 
conuucm.  No  carbonate  is  known  ((^.  p.  656).  Mercury  enters 
into  the  anions  of  a  number  of  complex  salte,  such  as  HgCU^  Hgl4~, 
Hg(CN)  =,  etc.  It  does  not  give  complex  cations  with  ammonia 
resembling  those  of  cadmium,  copper,  and  aiver  (Cd(NHj)4**,  etc.), 
from  which  ammonia  is  removed  by  heating,  but  instead  forms  a 
class  of  ammono-basic  mercury  compounds  like  ^"NHjCl,  all  of 
which  are  insoluble.  The  mercuric  halides  and  cyanide  show  many 
peculiarities  due  to  their  being  very  little  ionized.  Salts  as  a  class 
are  highly  ionized  bodies,  and  those  of  mercury  and,  to  a  less  degree, 
those  of  cadmium  are  the  only  conspicuous  exceptions. 

The  mercury  salts  of  volatile  acids,  like  the  corresponding  salts  of 
ammonium  (p.  520),  can  all  be  volatilised  completely.  Mercury 
vapor  and  mercury  compounds  are  ptdMnous,  the  soluble  ones  more> 
markedly  ao  than  the  insoluble  ones. 

The  mercurouB  salts,  as  a  rule,  are  formed  when  excess  of  mercury 
is  employed,  and  mercuric  salts  when  excess  of  the  oxidizing  acid  or 
other  substance  is  present.  Reducing  agents  turn  mercuric  into  mer- 
eurous salts,  and  oxidizing  agents  do  just  the  reverse. 

As  in  the  case  of  the  cuprous  compounds,  it  is  a  question  whether 
simple  or  multiple  formulse,  HgCl  or  H^^Cli,  etc.,  should  be  employed 
for  mereurous  salts.  Pending  the  discovery  of  some  bams  for  a  de- 
cision, the  simple  formulce  are  used  here. 

Occurrence  and  fsolation  of  the  Metal.  —  Mercury  occurs 
native  and  as  red,  crystalline  cinnabar,  mercuric  sulphide  HgS.  The 
production  (1913)  in  iron  Basks  (75  lbs.  each)  is,  Spain  43,800,  Italy 
29,500,  Austria  26,720,  United  States  20,200,  Mexico  4,410. 

The  liberation  of  the  metal  is  ea^,  because,  when  roasted,  the 
sulphide  b  decomposed,  and  the  sulphur  forms  sulphur  dioxide.    The 
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mercury  does  not  unite  vnth  the  oxygen,  for  the  oxide  decomposeB 
(p.  17)  at  400-600°:  HgS  +  0,  -*  Hg  +  SO*.  In  some  places  the 
ore  ia  spread  on  perforated  brick  shelves  in  a  vertical  furnace,  and 
the  gases  pass  through  tortuous  flues  in  which  the  vapor  of  the  metal 
condenses.  The  product  is  filtered  through  chamois-^kin.  For  sepa- 
ration from  metallic  impurities,  like  zinc,  arsenic,  wid  tin,  which  are 
dissolved,  it  must  be  distilled.  In  the  laboratory,  where  mercury 
finds  many  applications,  it  becomes  impure  with  use,  and  then  adheres 
to  glass,  and  does  not  run  freely  in  spherical  droplets.  For  purifica- 
tion it  is  placed  along  with  a  little  diluted  nitric  acid  in  a  separately 
funnel  (Fig.  74,  p.  180),  and  kept  in  continual  a^tation  by  means  of 
a  current  of  air  drawn  or  blown  through  the  mass.  By  this  treatment, 
foreign  metals,  such  as  sodium  or  zinc,  nearly  all  of  which  are  much 
more  active  than  mercury  {(^.  p.  404),  are  converted  into  nitrates. 
Pure,  dry  mercury  can  be  dniwn  off,  when  needed,  at  the  bottom. 
If  a  high  degree  of  purity  ia  required,  the  product  must  be  distilled 
in  vacuo. 

Physical  Properties.  —  Mercury  or  quicksilver  (N,L.  hydrargy- 
rum, from  Gk.  v&v,  water,  and  ^pyyp«'i,  silver)  is  a  silver-white 
hquid.  At  —38.9"  it  freezes,  and  at  357"  it  boils.  At  ordinary  teiD- 
peratures  it  has  a  measurable  vapor  tenaon,  at  15"  0.0008  mm.,  and 
at  100"  0.28  nmi.  The  vapor  is  colorless,  does  not  conduct  electricity, 
and  is  monatomic.  A  gold-leaf  suspended  over  mercury  becomes 
■amalgamated,  since  the  solution  of  gold  in  mercury  has  a  vapor  ten- 
don smaller  than  that  of  pure  mercury  (p.  197). 

On  account  of  its  high  density  (13.6,  at  0°)  and  low  vapor  tenMon, 
the  metal  is  employed  for  filling  barometers  and  manometers.  Ite 
uniform  expansion  favors  its  use  in  thermometers.  The  tendency  to 
form  amalgams,  which  it  exhibits  towards  all  the  familiar  metals  with 
the  exception  of  iron  and  platinum  (both,  however,  are  "wet"  by 
it),  is  taken  advantage  of  in  various  ways.  Sodium  amalgam  (p.  684), 
which  is  solid  when  the  sodium  exceeds  2  per  cent,  and  conoats  mainly 
of  NaHgi,  behaves  like  free  sodium,  but  with  moderated  activity.  A 
layer  of  mercury  on  the  zinc  plates  of  batteries  reduces  the  action  of 
the  acid  on  the  zinc,  while  the  cells  are  not  in  use.  Mixtures  of  mer- 
cury with  powdered  tin,  silver,  and  gold  quickly  form  solid  amalgams, 
and  are  used  by  dentists.  The  employment  of  mercury  in  the  ex- 
traction of  gold  has  been  mentioned  (p.  758.  See  eJso  p.  750). 
Mirrors  backed  with  a  tin-mercury  amalgam  have  been  displaced 
by  silvered  mirrors  (p.  755), 

I  Mz,,!:,.,  Google 
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Chemical  Properties.  —  When  kept  at  a  temperature  near  to 
its  boiling-point,  mercury  combines  alowly  with  oxygen.  Its  inac- 
tivity towards  oxygen  when  cold  places  it  next  to  the  noble  metals. 
On  account  of  its  general  inactivity,  it  is  used  in  the  laboratory  for 
confining  gases.  It  does  interact  with  hydrogen  sulphide  and  hydro- 
gen iodide,  however  (<^.  Silver,  p.  751).  Mercury  does  not  di^tace 
hydrogen  from  dilute  acids  (p.  404),  but  with  ondising  acids  like 
nitric  acid  and  hot  concentrated  sulphuric  acid,  the  nitrates  and  sul- 
phates are  formed.  With  excess  of  mercury,  the  mercurous  salts,  and 
with  excess  of  the  hot  acid,  the  mercuric  salts,  are  produced.  When 
triturated,  so  that  the  mercury  is  divided  into  minute  droplets  with 
relatively  large  surface,  it  is  used  in  medidne  (blue  {hUs),  and  shows 
an  activity  which  is  entirely  n;anting  in  lai^er  masses. 

Mercurou*  Chloride  HgCl.  —  This  salt  '(oalomal)  is  obtained 
as  a  white  powder  by  precitntation  from  solutions  of  mercurous  salts. 
It  is  manufactured  by  subUming  mercuric  chloride  with  mercury: 

HgClj  +  Hg  ^.2HgCl, 

or  more  usually  by  subliming  a  mixture  of  mercuric  sulphate,  made  as 
described  above,  with  mercury  and  common  salt.  It  is  deposted  on 
the  cool  part  of  the  vessel  as  a  fibrous  crystalline  mass.  It  is  slowly 
affected  by  light  just  as  is  silver  chloride.  Here,  however,  the 
chlorine  which  is  released  combines  with  another  molecule  of  the  salt 
to  form  mercuric  chloride.  Since  the  vapor  pressure  of  calomel 
reaches  760  mm.  before  the  temperature  has  risen  to  the  melting-point, 
the  compound  sublimes  at  atmospheric  pressure  without  melting. 
Ita  vapor  densty  corresponds  to  the  formula  HgCl,  but  the  vapor 
was  shown  by  Smith  and  Mensdes  to  consiat  wholly  of  Hg  +  HgCl^ 
The  completeness  of  the  dissociation  was  ascertained  by  measuring 
the  partial  pressures  of  the  mercury  and  mercuric  chloride  in  the 
vapor,  and  finding  that  together  they  equalled  the  total  dissociation 
pressure.  The  action  is  reversed  when  the  temperature  falls  ((^. 
Ammonium  chloride,  p.  720).  The  substance  is  used  in  medidne  on 
account  of  its  tendency  to  stimulate  all  organs  producing  secretions. 

Mercuric  Chlm-ide  HgCU'  —  By  direct  union  with  chlorine  the 
mercuric  salt,  oorro^n  iublimat«  HgCU,  is  formed.  It  is  usually 
manufactured  by  subliming  mercuric  sulphate  with  common  salt, 
and  crystallizes  in  white,  rhombic  prisms.  It  melts  at  265°  and  boils 
at  307°.     The  solubihty  at  20°  is  7.4  :  100  Aq,  and  at  100°,  54  :  100 
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Aq.  It  is  more  soluble  in  alcohol  and  in  ether.  The  aqueous  solu- 
tion is  slightly  acid  in  reaction.  The  salt  is  easily  reduced  to  mer- 
curouB  chloride.  When  excess  of  stannous  chloride  is  added  to  the 
solution,  the  white  precipitate  of  calomel,  hist  formed,  passes  into 
a  heavy  gray  precipitate  of  finely  divided  mercury: 

2HgCl.  +  SnCl.  -» SnCl*  +  2HgCl, 
2HgCl  +  SnCi,  -►  SnCU  +  2Hg. 

The  halidee  of  mercury  are  very  little  ionized  in  solution,  the 
bromide  and  iodide  even  less  so  than  the  chloride.  Hence  these  salte 
are  little  affected  by  sulphuric  acid  or  nitric  acid.  For  example,  the 
chlorine  and  nitro^i  chloride  wiiich  hydrochloric  acid  forms  with  the 
nitric  acid  (p.  537)  are  not  observed  when  mercuric  chloride  is  added 
to  nitric  acid.  On  this  account,  too,  the  hydrolysis  of  the  chloride  is 
much  less  than  that  of  the  nitrate.  There  is  a  tendency  also  to  the 
formation  of  complex  salts,  so  that  the  addition  of  sodium  chloride 
increases  the  solubility  in  water  and  renders  the  solution  neutfal, 
NaHgCU  being  formed.  The  complex  salts,  hke  K.HgClt,HiO, 
H,.HgCU,7HsO,  and  NH^.HgClj.HjO,  are  eaaly  made  by  cryBtallisa- 
tion  from  solution.  The  anions  are  relatively  highly  ionized,  how- 
ever, and  the  behavior  is  intermediate  betwe^i  that  of  comi^ex  ealte 
and  double  salts  (p.  649). 

Corrosive  sublimate,  when  taken  internally,  causes  death.  The 
variable  meaning  of  the  word  "poisonous"  is  well  illustrated  in  this 
case.  The  mercuric  chloride  does  not  act  as  a  direct  poison.  It 
causes  changes  in  the  cells  of  the  kidneys  so  that,  after  about  twt) 
weeks,  the  waste  products  from  the  syston  (urea,  etc.)  can  no  longer 
be  eliminated,  and  death  occurs  from  a  sort  of  autointoxication.  A 
very  dilute  solution  is  used  in  surgery  to  destroy  lower  oi^nisms  and 
thus  prevent  infection  of  wounds.  The  phannaceutical  tabloids  of 
mercuric  chloride  contEun  sodium  chloride,  because,  ^though  the 
latter  diminishes  the  activity  of  the  compound,  it  also  does  away 
with  the  formation  of  insoluble,  bade  chlorides  and  haflteos  solution. 
Mercuric  chloride  acts  also  as  a  preservative  of  zodlogical  mateiials, 
forming  insoluble  compounds  with  proteins,  and  preventing  their 
decay.  For  the  same  reason,  albumin  (white  of  an  egg,  a  mixture  of 
protons)  b  given  as  an  antidote  in  cases  of  sublimate  poisoning. 

77i«  Iodides  of  Mercury.  —  Karauroua  Iodide  Hgl  b  formed 
by  rubbing  iodine  with  excess  of  mereury.    It  also  appears  as  a  gre«i- 
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iah-yellow  pretu^ntate  when  potasraum  iodide  is  added  to  a  solution 
of  a  mercurous  salt.  The  compound  decomposes  spontaneouBly  into 
mercury  and  mercuric  iodide.  The  decompoation  is  much  hastened 
by  the  uae  of  excess  of  potafidum  iodide,  which  ccHubines  with  and 
removes  the  mercuric  iodide  (see  below) : 

2Hgl7=*Hg  +  HgI,. 

■bmnlG  todid*  Hgli  is  obtained  by  direct  union  of  mercury  with 
excess  of  iodine,  or  by  addition  of  potassdum  iodide  to  a  solution  of  a 
mercuric  salt.  It  is  a  scarlet  powder,  insoluble  in  water,  but  soluble 
in  alcohol  and  ether.  It  interacts  with  excess  of  potaesdum  iodide, 
forming  the  soluble,  colorless  potuslum  mvrcurl-lodlda  Kg.Hgl4  with 
which  many  predpitants  iaiX  to  give  mercury  compounds.  When 
heatedabove  128°  it  turns  into  a  yellow  modification,  and  at  223° 
this  new  form  melts.  On  being  cooled,  the  liquid  freezes  first  in  the 
tetragonal  yellow  form,  and  below  128°,  especially  if  touched  with  a 
glass  rod,  it  changes  into  the  red,  monoclinic  variety  with  evolution  of 
heat.  Sulphur  (p.  41 1)  and  ammonium  nitrate  (p.  679)  show  similar 
transition  points.  When  the  vapor  of  the  compound  is  cooled,  it 
first  forms  thin  scales  of  the  yellow  form,  which  is  the  unstable  one  at 
low  temperatures,  and  these  turn  red  when  touched.  Similarly,  pre- 
cipitation gives  first  the  yellow  variety,  which  presently  becomes  red 
{(^.  Transformation  by  steps,  p.  544), 

The  Oxides.  —  When  bases  (excepting  ammonium  hydroxide, 
see  p.  781)  are  added  to  solutions  of  mercurous  salts,  the  brownish- 
black  nwreuroui  oxide  HgiO  is  thrown  down.  The  hydroxide  is 
doubtless  formed  transitorily  and  then  loses  water  (cf.  Silver  oxide, 
p.  763).  Under  the  influence  of  hght  or  gentle  heat  (100°),  this 
compound  resolves  itself  into  mercuric  oxide  and  mercury. 

Morcurie  oxid«  HgO  is  formed  as  a  red,  crystalline  powder,  when 
mercury  is  heated  in  air  near  to  357.°,  but  is  usually  made  by  decom- 
poeing  the  nitrate.  Commercial  specimens,  incompletely  decom- 
posed, thus  frequently  give  the  brown  nitrogen  tetroxide  when  heated. 
It  is  formed  also  as  a  yellow  powder  by  adding  bases  (excepting 
ammonium  hydroxide,  see  p.  781)  to  solutions  of  mercuric  salts.  It 
is  contended  by  some  chemists  that  the  difference  in  activity  between 
the  red  and  yellow  forms  is  due  solely  to  the  finer  state  (rf  divi^on 
of  the  latter,  and  by  others  it  is  maintained  that  the  substance  is 
dimorphouB  (p.  412)  and  that  two  distinct  varieties  exist. 

-■    C.ooylc 
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The  Nitrateg.  —  The  mocurous  aalt  HgNO^,HiO  is  fonned  by 
the  action  of  cold,  diluted  nitric  acid  upon  excess  of  mercury.  It 
forms  monoclinic  crystals.  It  is  hydrolyaed,  slowly  by  cold,  and 
rapidly  by  warm  water,  giving  an  insoluble  basic  nitrate: 

2HgN0,  +  HjO  *=i  HNO,  +  H&(OH)NO,  [ . 

On  this  account  a  clear  solution  can  be  made  only  when  some  nitric 
acid  is  added.    Free  mercury  is  also  kept  in  the  solution  to  reduce 
mercuric  nitrate,  which  is  fonned  by  atmospheric  oxidation: 
Hg(N0»)i  +  Hg-»2HgNOj    or    Hg++ +  Hg -» 2Hg+. 

UoTcuiie  nitrate  Hg(NOg}i,SHiO  is  produced  by  using  exceaa  of 
warm,  concentrated  nitric  acid.  It  forms  rhombic  tables.  The 
aqueous  solution  is  strongly  acid,  and  deposits  a  yellowish,  crystal- 
line, basic  nitrate  Ha(OH)»OCN'Oi)i.  The  hydrolysis  is  reversed  by 
adding  nitric  acid. 

Sulphidea  of  Mercury.  —  ICarcuxwu  sulphide  Hg^  is  formed 

by  precipitation  from  mercurous  salts,  but  is  stable  only  below  ~- 10°. 
Above  — 10°  it  decomposes  into  mercury  and  mercuric  sulphide. 

CrystAllized  mercuric  aulphide  HgS  occurs  as  cinnabar,  and  is  red. 
When  formed  by  precipitation  with  hydrogen  sulphide,  or  by  rubbing 
together  mercury  and  sulphur,  it  is  black  and  amo^hous.  By  subli- 
mation, in  the  course  of  which  it  dissociates,  the  black  form  gives  the 
red,  crystalline  one.  When  allowed  to  stand  under  a  solution  of  so- 
dium sulphide,  the  black  form  is  slowly  transfoimed  into  the  red. 
This  shows  that  the  red  form  is  the  more  stable,  possesses  less  energy, 
and  is  less  soluble  at  ordinary  temperatures.  The  change  is  effected 
by  intermediate  formation  of  a  complex  sulphide,  the  solution,  when 
saturated  toward  the  less  stable  black  sulphide,  being  supersaturated 
toward  the  more  stable  red  one.  A  white,  crystalline  sodium  mercuri- 
sulpbide  NaiHgS:,SHiO  can  be  obtained  from  the  solution. 

The  black  and  the  red  varieties  do  not  interact  even  with  boiling 
nitric  acid,  which  oxidizes  most  sulphides  readily.  They  are,  there- 
fore, less  soluble  in  water  than  is  cupric  sulphide  (pp.  421,  774). 
They  are  attacked,  however,  by  a^pia  regia,  because  of  the  formation 
of  the  negative  ion  (see  gold,  p.  759)  of  a  complex  salt  Hi.HgCU 
(=2HCI,HgCIt). 

The  red  form  of  the  aulphide  is  used  in  making  paint  (TeimlUoii), 
The  color  is  more  permanent  than  that  of  red  lead  PbiOi,  because  re- 
ducing gases  {e.g.,  SOj),  acids  {e.g.,  HjSO»),  and  hydrogen -sulphide. 
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which  are  present  in  the  air,  do  not  affect  it.  It  is  not  stable,  how- 
ever, when  applied  to  metals,  since  iron,  zinc,  etc.,  all  displace  mer- 
cuiy  from  combination,  and  in  these  caees  red  lead  is  preferred. 

Mercuric  Cyanide  Hg{NC)t.  —  This  salt  is  made  by  treating 
precipitated  mercuric  oxide  with  hydrocyanic  acid,  and  is  obtained  in 
square-prismatic  ciystala.  When  heated  it  gives  off  cyanogen! 
Hg(NC)j— »Hg  +  CjNj,  and  is  a  convenient  source  of  this  gae  (p.  625). 
The  compound  is  soluble  in  alcohol,  ether,  and  water.  In  solutioa  in 
water  it  is  so  little  ionized  that  the  freezing-point  of  the  solution  is 
normal  (p.  336),  and  many  reagents  fail  to  show  the  presence  of  either 
ion.  Thus,  with  silver  nitrate  no  silver  cyanide  is  predpitated,  and 
with  a  base  no  mercuric  oxide.  With  potassium  cyanide  it  forms  a 
complex  cyanide  Ki.Hg(CN)t.  Hydrogen  sulphide  throws  down  the 
sulphide  from  both  the  dmple  and  the  complex  cyanides. 

77i«  Fulminate  and  Thiocyanate,  —  Mereurio  fulminate 
Hg{ONC)j  is  obtained  as  a  white  precipitate  when  mercury  is  treated 
with  nitric  acid,  and  alcohol  is  added  to  the  solution.  It  decomposes 
suddenly  when  struck,  and  is  used  in  making  percussion  caps. 

The  thlocyanats  Hg(NCS)i  is  precipitated  when  potassium  thio- 
cyanate K{NCS)  is  added  to  a  solution  of  mercuric  nitrate.  When 
formed  into  httle  balls  and  burned  in  the  ^r,  the  substance  leaves  a 
curiously  voluminous  ash  ("Pharaoh's  serpents"). 

Ammono- Compounds  of  Mercury.  —  When  ammonium  hy- 
droidde  is  added  to  a  solution  of  a  mercuric  salt,  a  white  substance, 
of  a  type  which  we  have  not  previously  encountered,  is  thrown  down. 
Mercuric  chloride  gives  Hg(NHi)Cl,  commonly  called  "infusible 
white  precipitate,"  or  anunono-baslc  mneuiio  ^tloride. 

HgClj  +  H.NH,  +  NHi  -*  HgCNHt)Cl  +  NH4a. 

The  action  is  similar  to  an  hydrolyras  which  ^ves  a  basic  salt: 
HgCl,  +  H.OH  -»  Hg(OH)Cl  +  HCI,  excepting  that  ammonia 
H.NH]  plays  the  part  of  the  water.  Water  gives  aquo-basic  salts. 
When  hquid  ammonia  is  the  solvent,  ammono-baac  salta  are  pro- 
duced. In  a  few  cases,  as  here,  an  ammono-basic  salt  is  obtained 
even  when  water  is  present.  The  study  of  reactions,  in  liquid  am- 
monia solutions  by  E.  C  Franklin  has  led  to  the  discovery  of  a  laige 
number  of  new  and  most  interesting  substances. 

The  addition  of  ammonium  hydroxide  to  a  solution  of  potaaaum 
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tnercuri-iodide  KjHgli  ^ves  rise  to  a  compound  of  the  same  type, 
ammono-basic  mercuric  iodide  HgtNI,HiO,  which  appears  as  a 
brown  precifritate: 

2HgIs  +  H..N  +  3NH,  -» H&NI  +  3NH4I. 

A  solution  of  pota,a^am  mercuri-iodide  containing  potasraum  hydrox- 
ide, NesilWi  r«ac«it,  becomes  distinctly  yellow  with  traces  of 
ammonia,  and  brown  with  lai^er  amounts,  and  is,  therefore,  a  valu- 
able reagent  for  detecting  traces  of  this  base. 

Mercuric  nitrate  Hg(NOs)i  and  ammonium  hydroxide  give  an 
insoluble  anunono-bulo  mercurlo  sitraM,  Hg=N— HgNOi  which  is 
more  basic  than  the  ammono-basic  chloride: 

2Hg(N0,).  +  H,.N  +  3NHs  -» Hgi(N)NOs  +  3NH4NO,. 

When  calomel  is  treated  with  ammonium  hydroxide,  it  turns  into 
a  black,  insoluble  body.  This  is  a  mixture  of  free  mercury,  to 
which  it  owes  its  dark  color,  and  "infusible  white  precipi^te," 
Hg  +  Hg(NHj)Cl.  To  this  reaction  calomel  owes  its  name  (Gk. 
HoXo^wAat,  beautiful  black).  Mercurous  nitrate  gives  a  black,  in- 
soluble mixture,  2Hg  +  Hfe(N)NO,. 

Calomel,  when  dry,  absorbs  ammonia  gas,  formii^^  a  molecular 
compound  of  the  common  type  HgCl,NHt.  This  substance  loses 
the  anjmonia  again  when  the  pressure  is  reduced.  The  other  com- 
pounds described  above,  on  the  other  hand,  do  not  contain  nitrc^eu 
and  hydrc^en  in  the  proportions  necessary  to  form  ammonia  and  are 
stable.  Henee  they  are  necessarily  to  be  regarded  as  belon^^  to  a 
different  type. 

Analytical  Reactions  of  Mercury  Compounds.  —  The  two 

ionic  forms  of  the  element,  mercurous-ion  Hg+  and  mercuri&4on 
Hg++,  are  both  colorless.  Their  chemical  behavior  is  entirely 
different.  Both  give  the  black  sulphide  HgS,  which  does  not  inter- 
act with  acids  and  other  solvents  of  nlercury  salts.  Mercurous-ion 
gjves  the  insoluble,  white  chloride,  the  black  oxide,  and  a  black 
mixture  with  ammonium  hydroxide.  Mercuric-ion  pvea  a  soluble 
chloride,  a  yellow,  insoluble  oxide,  and  a  white  precipitate  with  am- 
monium hydroxide.  The  behavior  with  stannous  chloride  (p.  778)  is 
characteristic.  With  potassium  iodide  the  two  ions  behave  differ- 
ently (p.  778).  The  more  active  metals  displace  mercury  from  all 
compounds.  Copper  is  used  as  the  displacing  metal,  in  testing  for 
Hg+  or  Hg*^,  be(»ui8e  the  alvery  mercury  is  ea»ly  seen  on  its  surface. 

t.;cH..,ic 
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Salts  of  Bftercuiy  are  volatile.  Wben  heated  in  a  tube  with 
sodium  carbonate,  they  give  a  sublimate  of  metallic  mercury. 

The  REcoamnoN  op  Cations  in  QoALiTATrvE  Analysis 

"Wet-way"  analyma  conrasta  in  recognizing  the  various  positive 
and  negative  ions  present  in  a  solution  (p.  385).  It  was  stated  that 
the  sulphides  might  be  divided  into  three  classes  according  to  their 
behavior  towards  water  and  acids  (pp.  421,  774).  Now  these  differ- 
ences in  behavior  furnish  us  with  a  basis  for  distinguishing  the  cations 
present  in  a  solution.  Since  the  properties  of  many  sulphides  and 
other  compounds  of  the  metals  have  been  studied  in  recrait  chapters, 
it  is  now  possible  to  make  a  more  complete  statement. 

The  followir^  plan,  taken  in  conjunction  with  the  statements  in 
the  context,  shows  how  a  single  cation  may  be  identified,  and  bow, 
when  several  cations  are  present,  a  separation  preparatory  to  identifi- 
cation may  be  effected.  What  will  be-said  applies  only  to  the  case  of 
a  solution  oontsining  salts  like  the  chlorides,  nitrates,  or  sulphates  of 
one  or  more  cations,  and  leav^  the  oxalates,  phosphates,  cyanides, 
and  some  other  salts,  out  of  consideration. 

Oroup  1.  —  It  is  usual  to  add,  first,  tardrochlorlc  add,  to  find  out 
whether  cations  giving  insoluble  chlorides  are  present.  Argentic, 
mercurous,  and  plumbic  salts  ^ve  the  white  A(G1,  HgGl,  and  PbCli, 
respectively.  (For  the  further  recognition  of  each,  see  p.  757.) 
Filtration  elitninatcs  the  precipitate,  if  there  is  any. 

Oroup  3.  —  A  free,  active  acid  being  now  present,  taydrocen  buI- 
pliid*  is  led  into  the  solution.  The  sulphides  insoluble  in  active  adds, 
namely,  HgS,  CaB,  Fb8,  BiiSf,  CdS,  MmA,  BbtSi>  SnS,  are  therefore 
thrown  down.  The  first  four  are  black  or  brown,  the  next  two  are 
yellow,  and  the  last  two  are  orange  and  brown  respectively.  A  dark- 
oolored  subetance  will  naturally  obscure  one  of  lighter  color,  if  more 
than  one  is  present.  If  too  much  acid  is  used,  the  precipitation  of 
seveial  oi  the  sulphides  will  be  incomplete  (p.  774) ;  if  too  little,  rinc 
sulphide  may  come  down  (p.  772).     Filtration  again  eliminates  the 


This  group  is  easily  subdivided.  Any  or  all  of  the  last  three  sul- 
phides will  pass  into  solution  when  warmed  with  yellow  ammonium 
sulphide,  for  they  give  sohibie  complex  sulphides  similar  to  potassium 
Bulphaurate  (p.  760) .  The  first  five  sulphides,  or  any  of  them,  will  be 
unaffected.  On  the  other  hand,  these  five  sulphides,  with  the  excep- 
tion of  HgS,  will  interact  with  hot  nitric  add  (p.  774).    Other  reac- 
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tionB  described  in  the  context  are  then  uaed  to  distinguish  between,  or, 
if  there  is  a  mixture,  to  separate,  the  members  of  the  sub-groupa. 

Ormq)  3.  —  The  solution  (filtrate)  is  now  neutralized  with  am- 
moniimi  hydroxide,  and  anunonium  lulpblds  is  added.  Some  am- 
monium chloride  is  also  used,  to  prevent  the  precipitation  of  magne- 
^um  hydroxide  (p.  766),  which,  in  any  event,  would  be  incomplete. 
The  sulphides  which  are  insoluble  in  water,  and  are  not  hydrolyzed  by- 
it,  now  appear.  They  are  FaS,  CoS,  NIS,  all  black,  Mn8  and  ZnS, 
which  are  pink  and  white,  respectively.  There  are  precipitated  also 
the  hydroxides  of  chromium  and  of  aluminium,  Cr(OH)t  and  A1(0^|, 
because  th^r  sulphides  are  hydrolyzed  by  water,  and  the  hydroxides 
are  formed  by  the  hydrosde-ion  in  the  ammonium  sulphide  solution 
(<^.  p.  648).  They  are  too  insoluble  to  behave  like  magnesium  hy- 
droxide (p.  766)  by  dissolving  in  salts  of  ammonium.  They  also 
form  no  complex  metal-ammonia  ions,  as  does  zinc  (p.  771).  The 
sulphides  of  nickel  and  cobalt  resemble  the  sulphide  of  zinc  in  being 
precipitated  by  hydrogen  sulphide  when  acetic  acid  is  the  only 
acid  present.  The  other  sulphides  interact  even  with  acetic  acid 
{p.  774). 

Another  plan  is  to  oxidiee  the  iron,  if  present,  and  use  ammonium 
chloride  and  ammonium  hydroxide  instead  of  anunonium  sulphide. 
The  hydroxides  of  the  trivatent  elements,  Fe(OH)»,  Cr(OH)*,  A1{0H)*, 
can  be  precipitated  by  excess  of  ammonium  hydroxide,  even  when 
salts  of  ammonium  are  present.  Those  of  the  bivalent  metals, 
Mn(OH),,  Fe(OH)s,  Zn(OH)i,  Ni(OH)i,  Co(OH),,  resemble  magne- 
sium hydroxide  (p.  766),  and,  of  these,  the  last  three  resemble  also 
zinc  hydroxide  (p.  771),  and  so  cannot  be  precipitated.  After  fil- 
tration, anunonium  sulphide  now  throws  down  the  sulphides  of  the 
'five  bivalent  metals  (for  a  third  plan,  see  Chemical  relations  of 
aluminium). 

Group  4.  —  After  filtration  from  members  of  the  iron  group,  if 
any  were  present,  ammonium  carbonate  is  added,  and  precipitates  the 
remaining  metals  whose  carbonates  are  insoluble,  BaCOs,'  SrCOi, 
CaCOsi  with  the  exception  of  magnesium  (p.  767). 

By  addition  of  ammonium  phospbate  to  a  portion  of  the  filtrate, 
magnesium,  if  present,  now  comes  out  in  the  form  VB^SgPOt. 
There  remun  in  solution  only  salts  of  potanlum,  sodium,  and  am- 
mosium.  Since  only  ammonium  compounds,  and  other  sub- 
stances which  can  be  volatihzed  have  bera  added,  evaporation  and 
ignition  of  the  residue  leaves  the  salts  of  the  two  metals.  If  no  other 
metallic  elements  have  been  shown  to  be  present,  it  saves  time  to 
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examine  a  fresh  portion  of  the  orijpnal  material.    SaltB  of  ammonium 
muat  alao  be  sought  in  a  fresh  sample  by  the  usual  test  (p.  681). 

'  The  following  simple  compounds  are  soluble,  but  are  so  little 
ionized  that  their  solutions  do  not  show  all  the  reactions  of  both  of 
the  ions:  NH4OH,  H^,  HNC,  H,CO„  HgCl,,  Hg(CN),,  Fe(NCS)„ 
Pb(CsEUOi)i.  With  a  number  of  others,  for  examine  Cdit,  the  actions 
are  incomplete  for  the  sajne  reason.  Ck)mplex  compounds,  as  we 
have  seen,  give  complex  ions,  and  these  ions  are  usually  so  little  re- 
solved into  simpler  ions  that  the  latter  cannot  be  discovered  by  all 
the  usual  tests.  Thus:  K.Ag(CN),  ^ves  K+  and  Ag(CN)r,  but 
very  little  Ag+  and  CN"  (p.  752);  Cu(NH»)i.Cl»  pves  much 
Cu(NH4)i++,  and  CI"  but  vpry  little  Cu-^-.  The  individual  cases 
are  described  in  the  context. 

Exerciaea.  —  1.  What  is  the  numerical  value,  (a)  of  the  solu- 
Inlity  product  of  magnesium  hydroxide,  (6)  of  the  concentration  of 
hydroxide-ion  ^ven  by  it  and  by  normal  anunonium  hydroxide, 
respectively  (Table)?  Will  normal  concentration  of  anunonium 
chloride  suffice  to  reduce  the  tatter  below  the  former? 

2.  Why  should  we,  perhaps,  expect  ammonium  sulphide  solution 
to  precipitate  magnesium  hydroxide,  and  why  does  it  not  do  so? 

3.  What  volume  of  air  is  required  to  oxidize  one  formul&-weight 
of  zinc  sulphide  to  ZnO  and  SOi,  and  what  volume  of  sulphur  dioxide 
is  produced?  Is  the  product  more  or  less  diluted  with  nitrc^en  than 
when  pure  sulphur  is  burned,  and  by  how  much? 

i.  Make  equations  showing,  (a)  the  effect  of  heating  zinc  chloride 
with  cobalt  nitrate  Co(NOj)»  in  the  Bunsen  flame  (p.  771),  (b)  the 
action  of  hydrogen  sulphide  on  sodium  zincate,  (c)  the  actions  of  con- 
centrated nitric  acid  and  of  concentrated  sulphuric  acid  on  mercury. 

5.  What  is  the  distinction  between  a  solid  isomorphoua  mixture  of 
two  salts  and  a  double  salt? 

6.  What  kind  of  salts  might  take  the  place  of  sodium  acetate  in 
the  precipitation  of  zinc  sulphide  (p.  772)?    Give  examples. 

7.  Compare  the  amalgamation  of  a  gold-leaf  by  mercury  vapor 
with  the  phenomenon  of  deUquescence  (p.  776). 

8.  If  the  scheme  for  the  recognition  of  cations  (p.  783)  were  ap- 
plied to  solutions  prepared  from  materials  containing,  (a)  calcium  oxa- 
late and,  (b)  potassium  argenticyanide,  at  what  stage  and  how  would 
the  presence  of  each  of  these  substances  affect  the  normal  order? 

9.  Why  do  none  of  the  salte  of  the  elements  in  this  family  give 
recognizable  effects  with  t^e  borax  bead? 

- Cooc^lc 


CHAPTER  XXXVm 
EUCTROHOnVE  CUEMUTRT 

Wb  have  seen  that  many  chemical  changes  are  accompanied  by 
a  liberation  of  enei^.  If  no  special  arrangement  is  made,  the  energy 
is  always  hberated  in  the  form  of  heat,  light,  and  mechanical  energy. 
In  chaises  involving  ionogens,  however,  the  energy  can  be  aecured 
in  the  form  of  electricity.  Most  chaises  between  ion<^enB,  including 
oxidations,  may  be  adapted  ao  aa  to  deliver  this  form  of  energy.  It 
need  hardly  be  added  that,  dnce  the  transformation  of  chemicaUy 
equivalent  amounts  of  different  sets  of  substances  produces  very  dif- 
ferent quantities  of  heat,  so  it  produces  alao  correspondingly  differoit 
amounts  of  electrical  energy.  Thus  the  on^nal  free  internal  energy 
may,  theoretically,  be  measured  by  either  method.  In  practioe, 
however,  the  thermochemical  plan  fails  entirely  in  many  cases  (t^. 
pp.  35,  691),  and  the  electrical  is,  as  we  shall  see,  often  much  more 
instructive.  The  study  of  what,  to  parody  the  phraseolc^y  of 
thermochemistry,  we  might  call  exelectrical  actions,  thus  resolves 
itself  into  constructing  experimental  battery-ceUs  involving  all  kinds 
of  chemical  changes,  and  studying  the  electric  currents  which  are  set 
in  motion  by  the  progress  of  the  changes.  We  have  therefore  named 
this  branch  of  the  science  Blvobronotln  eh«mljttrr. 

In  addition  to  its  dgnificance  theoretically,  for  the  purpose  of 
measuring  chemical  affinity  in  ionic  actions,  electromotive  chem- 
istry has  recently  acqiured  great  commercial  importance  because  of 
the  rapid  multiplication  of  electro-chemical  industries.  It  is  true 
that  the  majority  of  the  actions  used  in  these  industries  are  electro- 
lytic (endelectrical),  and  that  this  sort  of  change  is  the  precise  inverse 
of  the  other,  since  in  it  electricity  is  consumed  instead  of  being  set 
in  motion,  but  it  is  also  true  that  neither  variety  can  be  undentood 
without  a  study  of  both. 

Factors  and  Units  of  Electrical  Energy.  —  On  account  of  the 

close  relation  between  electromotive  chemistry  and  electrolysis,  parts 

of  the  former  subject  were  anticipated  when  the  latter  was  discussed 

(pp.  357-361).    These  pages  should  now  be  re-read  attentively.    In 
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particular,  it  must  be  recalled  that  »  quMitlt?  o'  •I«Gtric»l  anarg;  Is 
•zprausd  by  two  fwton.  One  is  called  the  qiuntl^  of  clMtdoltr, 
and  is  measured  in  ooulomba.  The  other  is  called  the  alwtromotiT* 
tana  in  the  case  of  a  current,  or,  when  a  current  is  not  flowing  or  is 
not  being  considered,  the  difler«n«e  In  potential,  and  \a  expressed  in 
Tolts.  Just  as  in  electrolysis  chemically  equivalent  quantities  of  ele- 
ments or  ions,  in  bdng  liberated  from  solutions  of  different  substances, 
use  up  equal  quantities  of  electricity  (Faraday's  law,  p.  350),  ao  in  a 
battery-cell  the  interaction  of  chemically  equivalent  amounts  of  dif- 
ferent sets  of  substances  produces  equal  quantities  of  electricity  (p. 
353).  Likewise,  just  as  in  the  former  case  different  amounts  of  elec- 
trical energy  (p.  359),  and  therefore  different  electromotive  forces, 
are  required  to  produce  in  different  solutions  equivalent  amounts  of 
chemical  change  (p.  216),  bo  in  the  latter  case  different  amounts  of 
electrical  energy  are  generated  by  the  complete  interaction  of  chemical 
equivalents  of  (Merent  sets  of  substances,  and  therefore  diverse 
differences  in  potential  are  created  and  vammtm  of  dUtarsnt  «lHtro- 
motlTo  forc«  an  produ««d.  The  electrical  energy  used  in  the  former 
case  or  produced  in  the  latter  is  expressed  by  the  product  of  the 
factors: 

No.  of  coulombs  X  No.  of  volts 

=  Quant,  of  elect,  enei^.  (in  Joulaa.  p.  34). 

If  we  consider  the  time  occupied  by  either  process,  and  wish  to  express 
the  rate  at  which  the  energy  is  consumed  or  produced,  we  r^ard  I 
coulomb  per  second  (I  amporo)  as  the  unit.     Hence: 

No.  of  amperes  X  No.  of  volts  =  Joules  per  sec.  =  Watti. 

The  erg  (p.  34)  is  so  small  as  a  unit  of  energy  or  work,  that  the 
joule  (=  10,000,000  ergs)  and  the  kUajoule  (1000  joules)  are  more 
often  employed.  Similarly,  the  rate  at  which  the  energy  is  dehvered 
or  used  (the  power)  is  expressed  by  the  watt  ( =  10,000,000  ergs  per 
sec.)  or  the  kilowatt  (1000  watts).     The  horsepower  is  746  watts. 

An  illustration  will  show  the  meaning  of  this  relation.  If  a 
50-watt  incandescent  lamp  is  used  on  a  llO-volt  circuit,  by  sub- 
stituting these  values  in  the  equation  we  perceive  that  such  a  lamp 
must  carry  about  0.5  amperes,  or  one  coulomb  every  two  seconds. 
If,  with  the  same  voltage,  we  wanted  a  lamp  to  carry  more  electricity 
per  second,  we  should  have  to  reduce  the  resistance  of  the  lamp,  say, 
by  shortening  the  filament,  or  using  a  thicker  one.  Evidently,  the 
number  of  such  lamps  required  to  consume  one  horsepower  would  be 
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746/50,  or  between  14  and  15  lamps.  A^ain,  to  decompose  one 
molecular  weight  of  hydrochloric  acid  (36.5  g.)  96,504  coulombs 
(p.  357)  are  required,  and  an  E.M.F.  of  at  least  1.83  v<Ata  (see 
p.  798).  The  electrical  energy  needed  is  therefore  96,504  X  1:83  = 
176,602  joules.  If  this  were  to  be  accompUahed  by  the  current 
from  a  110-volt  direct-current  lighting  circuit,  passing  through  a 
50-watt  lamp  in  series  with  the  electrolytic  cell,  the  time  required 
(x  seconds)  would  be  given  by  50  joulee  per  sec.  X  x  sees.  =  176,602 
joules,  where  x  =  3532  seconds,  or  about  59  minutes. 

The  factors  of  electrical  energy  (volts  and  amperes)  are  easily 
measured  when  electricity  is  produced,  and  are  easily  provided 
according  to  any  specification  when  electricity  is  to  be  used.  Hence, 
it  is  much  ea^er  to  study  the  relations  between  chemical  change 
and  this  form  of  energy  than  between  the  same  change  and  the 
heat  or  any  other  form  of  energy  which,  under  other  conditions,  it 
might  produce.  Electrochemistry  is,  therefore,  in  many  ways  better 
understood,  and  easier  to  handle  than  are  other  branches  of  chemistry 
involving  energy. 

Some  Reactiona  that  can  be  Used  to  Furnish  Etectriaty. 

—  A  few  illustrations  of  the  kinds  of  reactions  which  can  easily  be 
carried  out  in  cells,  so  as  to  furnish  an  electric  current  instead  of 
beat,  may  be  classified  thus: 

Combination  celU,  such  as  one  in  which  zinc  (or  some  other 
active  metal)  and  bromine  are  the  reacting  substances.  If  sine 
be  placed  in  bromine-water  (or  with  pure  bromine),  we  obtain 
zinc  bromide : 

Zn  +  Brj  -t  ZnBr,,     or    Zn"  +  2Br"  ->  Zn-H-  +  2Br-. 

Diiplacanwnt  ««Us,  such  as  one  with  cupric  sulphate  solution 
and  a  metal  more  active  than  copper  {e.g.,  Mg,  Al,  Zn,  or  Fe),  and 
able  to  displace  (p.  403)  this  element: 

Zn  +  CuSO*  -*  ZnS04  +  Cu,     or    Zn"  +  Cu++  -♦  Zn++  +  Cu". 
A  non-metal  may  also  be  displaced: 

2KH- Bra  ^  2KBr  +  le,     or    I"  +  Br« -» I"  +  Br". 

Ozidatioii  cells,  such  as  one  in  which  ferrous  chloride  FeCli  or 
stannous  chloride  SnCli  is  oxidized  by  chlorine-water,  giving  FeCIi 
or  SnCU: 

SnCI, -|-CU-»SnCU,    or    Sn++ -f- 201" -♦  Sn++++ -J- 201" 
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Ooncnttimtfan  o«lls,  or  cells  in  which  the  same  substance  in  two 
diSorent  conc«Ltrations  is  used. 

The  Arrangement  of  the  Cell,  —  Every  cell  has  one  striking 
chamcteristic.  If  the  pairs  of  substances  mentioned  in  the  last 
section  are  placed  together,  they  interact  and  heat  is  produced.  There 
is  no  way  to  avmd  the  action,  and  the  liberation  of  the  energy  as 
heat,  if  the  substances  come  in  contact.  If,  therefore,  aU  tha  snartr 
is  to  bo  obtalntd  as  slKtrlcal  energy,  tbe  subttuuiM  must  be  pr»- 
Tsnted  from  eomliig  in  contact  with  one  another.  Paradoxical  as 
it  may  seem,  it  is  eauly  posEuble  to  obtain  the  electricity,  and  yet 
fulfill  this  essential  condition.  The  plan  in  all  cells  is  to  place  the 
one  substance  in  or  round  one  pole,  and  the  other  substance  in  or 
round  the  other  pole,  and  to  separate  the  substances  by  a  porous 
partition,  or  some  equivalent  arrangement. 

Suppose  that  it  is  the  first  of  the  above-mentioned  actions  that 
is  to  be  used  —  the  action  of  zinc  and  bromine.  Tbe  aetiTe  mib- 
■taneei  are  arranged  as  follows:  The  pole 
on  the  left  (Fig.  149)  is  metallic  zinc, 
The  solution  on  the  right  contains  the 
bromine.  The  porous  partition  in  the 
center  is  permeable  by  migrating  ions, 
but  hinders  the  mere  diffusion  of  tbe  dis- 
solved bromine  towards  tbe  zinc,  and  so 
prevents  direct  interaction  with  liberation 
of  heat. 

Now,  to  enable  the  cell  to  operate, 
inaeUTe,  conductliig  eubtaneee  must  be 
added  to  complete  the  arrangement.  A 
pole  is  added  on  the  right,  a  conducting 
solution  is  placed  to  the  left  of  the  parti- 
tion, and  a  wire  must  connect  the  two 

poles.  The  wire  may  connect  the  poles  through  a  voltmeter,  so  that 
the  E.M.F.  produced  may  be  measured.  Also,  since  bromine-water 
is  a  poor  conductor,  a  well-ionized  salt  must  be  present  along  with  the 
bromine.  The  substances  used  for  these  purposes  must  be  inactive. 
For  example,  the  pole  on  tbe  right  must  be  a  conductor,  but  its 
material  must  not  interact  chemically  with  the  bromine  or  with 
the  salt.  A  rod  of  carbon  or  a  platinum  wire  will  serve  the  purpose. 
A  more  active  metal,  such  as  copper,  could  not  be  used,  because  it 
would  combine  with  the  bromine.    Agun,  common  salt  or  sodium 
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nitrate  may  be  mixed  with  the  bromine,  because  it  will  not  interact 
with  bromine  or  carbon  or  platinum.  Still  again,  the  solution  added 
on  the  left  must  be  one  which  will  not  act  upon  the  zinc  pole,  nor 
upon  the  solution  on  the  right,  which  it  meets  inside  the  porous 
partition.  Common  salt  or  niter  fulfills  these  conditions.  An  acid 
could  be  used  on  the  right,  but  not  on  the  left,  for  it  would  interact 
with  the  zinc.  The  reader  should  make  a  different  selection  of  in- 
active materials,  so  as  to  become  familiar  with  the  reasoning  involved 
in  the  choice  in  each  case. 

Note  that  in  each  figure,  the  symbols  for  the  meOn  nibatwuMB 
are  in  black-face  type,  the  products  are  in  Roman  type,  and  the 
inactwe  materials  are  in  iialic  type. 

The  Operation  of  the  Cell.  —  When  the  eel!  has  been  aasem- 
ble<l,  and  the  wires  have  been  connected,  the  following  phenomena 
are  observed: 

1.  The  zinc  begins  to  fonn  zinc  iona, 
I  — »  Zn++,  an  operation  which  leaves 

the  pole  negative  (Elg.  150). 

2.  The  bromine  molecules  nearest 
their  pole  touch  this  pole,  become  bro- 
mide ions,  Btt  — *  2Br-,  and  leave  the  pole 
podtive. 

3.  Since  one  pole  is  negative  and  the 
other  positive,  a  current  flows  through 
the  wire. 

The  new  positive  ions  (Zn++)  round 

the  left  pole  (anode)  attract  all  the  neg- 

■""■  '^'^^       "^  **""       ative  ions  in  the  cell,  and  cause  them  to 

'  migrate  towards  the  left  bo  as  to  keep 

all  parts  of  the  solution  electrically  neutral.    They  also  repel  all  the 

positive  ions. 

5.  The  new  negative  ions  on  the  right  (Bi^)  amilarly  attract  cJl 
the  positive  ioiis  in  the  cell,  and  cause  them  to  drift- slowly  towards 
the  right  pole  (cathode).    They  repel  all  the  negative  ions. 

6.  (Very  important.)  It  will  be  seen  that  the  zinc  and  the  bn^ 
mine  bsoom*  lonlswl  at  a  dlBtamse  from  one  another  and  do  not  actn- 
alljr  combine.  The  slow  migration  of  the  Zn++  and  Br~  ions  will,  of 
course,  after  some  hours  or  days,  bring  some  of  these  ions  t^^ether 
in  or  near  the  partition,  and  some  molecules  will  be  formed.  But  this 
operation  produces  no  electrical  energy  —  it  only  ^ves  out  or  absorbs 


Za  ^-"''^ 

"^^"^^^^.flf 

■7^ 

ELECTROMOTIVE  CHEMISTRY 


791 


beat  (p.  368).  It  is  not  an  essential  part  of  the  operation  of  the  cell. 
Tho  ohsmleal  change  whlcb  produoaa  tiu  current  !■  the  lonliatlOD 
of  the  tiro  olemeDts,  Beparately.  The  term  combination  cell  is, 
therefore,  misleading.  The  cell,  as  a  source  of  electrical  energy,  is 
concerned  only  with  producing  two  kinds  of  ions  from  the  elements. 
True,  these  ions,  if  they  united,  would  give  the  product  shown  in  the 
equation  (ZdBfj),  but  the  union,  if  it  ever  occurred,  would  be  without 
electrical  effect.  It  is  clear  that,  since  there  is  sodium  chloride  (or 
some  other  ionogetn)  in  all  parts  of  the  cell,  molecules  are  ionizing,  and 
ions  are  combining,  continually,  throughout  the  whole  system. 
Thus,  OQ  the  left  some  zinc  chloride  molecules  are  formed  and  on 
the  right  some  sodium  bromide  molecules,  and  eventually,  near  the 
center,  some  zinc  bromide  molecules.  But  these  reactions  occur 
in  every  solution  containing  ionogens,  without  giving  any  current. 
In  a  cell,  the  only  reactions  which  contribute  to  the  current  are 
those  taldi^  place  at  the  surfaces  of  the  poles. 

A  Duptacement  Cell.  —  In  a  similar  way,  a  cell  urang  metallic 
sdnc  and  cupric  sulphate  solution  may  be  arranged  (Elg.  151).  The 
zinc  forms  one  pole,  and  the  cupric  sul- 
phate solution  must  be  placed  on  the  other 
side  of  the  partition.  For  inactive  mate-  _ 
rials,  a  plate  of  copper  or  of  some  metal  be- 
low copper  in  the  activity  series  may  be 
used,  and  any  solution  (such  as  zinc  chlo- 
ride solution)  which  will  interact  neither 
with  the  zinc  nor  with  the  cupric  sulphate. 

In  following  the  operation  of  the  cell, 
we  may  start  at  either  pole.  Thus,  the 
zinc  gives  zinc-ion  Zn*  —*  Zt&*-  +  2©. 
The  wire  becomes  n^atively  charged. 
The  cupric-ion  is  discharged  on  the  other 
pole  Cti++ -»  Cu"  +  2®,  rendering  it 
podtive.  All  the  positive  ions  in  the 
cell  migrate  towards  the  right  pole  (cathode).  All  the  negative  ions 
migrate  towards  the  left  pole  (anode),  since  positive  ions  are  bang 
formed  on  the  left  and  are  disappearing  on  the  right. 

When  bromine  displaces  iodine,  the  cell  may  be  arranged  as 
in  ¥\^.  152.  The  iodine  liberated  dissolves  in  the  potassium  iodide 
solution  and,  with  starch  emulsion  present,  its  formation  can  be 
detected  in  a  few  seconds. 
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An  Oxidation  Cell.  —  The  EtrraDgement  whereby  Btaimou»4oa 
Sd"*^  is  craddiBed  by  chlorine-water  to  stannic-ion  Sn+"''++  is  shown  in 
Fig.  153.  The  chlorine  CI"  encountering  the  pole  becomes  nega- 
tively charged,  leaving  the  pole  positive.    This  podtive  chai^  is 
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shared  by  the  whole  conductii^  wire  and,  at  the  other  pole,  f  umishee 
the  positive  electricity  required  to  raise  the  charge  of  each  tin  ion 
from  Bn++  to  Sn++++.  Only  the  tin  ions  which  touch  the  pole  can 
acquire  the  charge. 


Facta  Concerning  all  Cells.  —  If  the  wire  is  disconnected,  the 
progress  of  the  chemical  action  is  stopped,  although  the  difference  in 
potential  remains.  The  charge  conferred  upon  a  pole,  such  as  that 
•from  the  cupric  ion  (Fig.  151),  must  be  conducted  away,  before 
additional  chaises  will  be  transferred  to  it. 

If  a  glass  partition  is  substituted  for  a  porous  one,  the  cell  ceases 
to  generate  electricity.  The  partition  must  permit  the  transmi- 
gration of  the  ions,  wliich  is  a  necessary  part  of  the  opeAtion  of 
the  cell. 

When  the  circuit  is  closed,  the  changes  described  go  on  until 
one  of  the  active  materials  is  exhausted  —  for  example,  until  all 
the  cuprie-ion  has  been  deposited  as  copper,  or  until  aU  the  ainc 
has  l>een  consumed. 

The  quantity  of  electricity  produced  is  06,504  coulombs  for  each 
equivalent  weight  of  the  active  materials  transformed,  e.g.,  for 
every  65.4/2  g.  of  zinc  consumed.     The  TtUe  at  which  the  dse- 
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tricity  IB  produced  is,  in  general,  greater  the  lai^er  the  area  of  the 
poles.     The  amperage  of  a  single  cell  is,  in  general,  very  low. 

The  E.M.F.  of  the  celt  is  not  changed  by  altering  the  raee  or 
ehape  of  the  poles,  or  by  using  more  or  less  of  the  solutions.  It 
it  affected  by  any  chaise  in  the  qualiHea  of  the  adwe  material, 
however.  Changing  the  concentration  (see  p.  794)  of  the  cupnc- 
ion  (Fig.  151)  or  of  the  bromine-water  (Fig.  152)  has  an  immediate 
effect.  So  has  substituting  one  acUve  metal  for  another  (see  p. 
796),  as  magnesium  for  idnc  (Fig.  150).  Even  hammering  the 
metal,  thus  making  it  denser,  has  a  slight  effect. 

Single  Potential  Differences  Produced  by  the  Metals.  —  If 

we  recondder  the  cellfl  described,  we  shall  see  that  there  are  really 
two  ehsmlcal  acUcms  in  aftch  c«U  and  that  these  are  to  some  extent 
independent.  We  can  leave  the  zinc  (Fig.  150)  constant)  and  change 
the  concentration  of  the  bromine  or  even  substitute  chlorine  or  iodine 
for  the  latter.  On  the  other  hand,  we  can  leave  the  bromine-water 
constant,  and  exchange  the  zinc  for  some  other  active  metal.  Thus, 
the  E.M.F.  of  every  cell  is  really  the  resultant  of  two  effects.  Now, 
these  effects  can  be  measured,  separately. 

If  we  place  zinc  in  a  solution  of  zinc  chloride,  we  find  that  there 
is  at  once  a  difference  in  potential  between  the  metal  and  the  aolu- 
tion!  The  metal  has  an  individual  tendency  to  become  ionic  — 
a  sort  of  solution  pressure  •  —  and  to  form  a  few  ions,  thus  making 
the  liquid  positive  and  the  metal  negative.  In  reality,  it  is  the 
tendency  of  the  atoms  of  the  metal  to  i^ve  up  electrons  (p.  354), 
e.g.,  Zn  —  2e  =  Zn++,  which  is  bdng  observed.  On  the  other 
band,  the  ions  have  a  tendency  to  deposit  themselves,  and  a  few 
may  be  deposited  (takii^  up  their  electrons  and  becoming  neutral), 
rendering  the  pcrie  poative  and  the  solution  n^ative.  If  the  former 
tendency  (the  tendency  to  give  up  electrons)  is  the  stronger  of 
the  two  (the  more  active  metals),  then  a  difference  in  potential  is 
produced,  with  the  solution  positive.  If  the  latter  tendency  is  the 
stronger  (less  active  metals)  the  solution  is  observed  to  be  negative. 
Since  raising  the  concentration  of  the  metal-ion  will  increase  the 

*  The  charge  of  electricity  is  apt  to  interfere  with  the  ready  acceptance  of 
this  idea.  If  it  is  remembered  that  the  ionic  form  of  an  element  is  simply  bji 
allotropic  modification,  with  a  different  amount  of  available  energy,  the  difficulty 
disappears.  In  the  ionic  allotrope  the  free  energy  is  sometimes  greater  (nickel 
to  gold)  and  sometimes  leea  (potassium  to  cobalt)  than  in  the  free  dement  (see 
below). 
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tendency  to  deposition,  and  vice  versa,  it  is  customary  to  take  as  the 
standard  solution,  for  th<3  purpose,  one  in  which  the  concentrslion 
of  the  metal-ion  is  normal  (JV).  The  ions  of  the  foreign  salt,  if 
such  a  salt  was  introduced  at  first,  need  not  be  considered.  In  the 
following  table,  the  sign  preceding  the  number  is  that  of  the  charge 
of  the  solution. 

Potential  op  N  Souitionb  in  Contact  with  MBTAta 


(E.-M.  Series) 

E 

(+2.6) 

Fe  (Fe++)  +0.2 

Bi             -0.63? 

Na 

(+2.4) 

Cd            +0.16 

Sb             -0.71? 

Ba 

(+2.6) 

Co            +0.05 

Hg  (Hg*)  -0.99 

Sr 

(+2.5) 

Ni             -0.02? 

Pd            -1.03? 

Ca 

(+2.4) 

Pb            -012 

Ag            -1.04 

Mg 

+  1.3 

Sn  (Sn++)  -0.14     ■ 

Pt             -1.10? 

Al 

+  1.0 

H               -0.24 

Au            -1.7? 

Mn 

+0.8 

Ab             -0.53 

Zn 

+0.5 

Cu(Cu++)-0.58 

Thus,  opposite  Mg  we  find  +1-3-  This  means  that  when  a 
piece  of  magnesium  is  placed  in  a  solution  of  a  salt  of  magnesium, 
containing  normal  concentration  of  Mg:^~^,  the  solution  is  positively 
charged  (the  metal  negatively)  and  the  difference  in  potential  is  1.3 
volts.  With  silver  in  a  solution  of  a  salt  of  silver,  cootaJniDg  normal 
concentration  of  silver-ion,  the  solution  is  negative  and  the  difference 
in  potential  is  — 1.04  volts. 

For  a  hydn^en  pole,  a  piece  of  palladium  saturated  with  hydro- 
gen at  760  mm.  (p.  124)  is  used.  The  values  for  the  metals  which 
decompose  water  with  ease  cannot  be  observed,  and  so  calculated 
values  are  given  in  parentheaw.  An  interrogation  point  indicates 
that  the  value  is  uncertain. 

CalcuiatUm  of  the  Potential  with  Varying  Concentrations, 

—  These  facta  enable  us  to  state  in  more  definite  terms  the  formu- 
lative  hypothesis  foreshadowed  above.  It  was  first  put  forward  by 
Nemst. 

Every  metal  has  a  certain  solution  tension,  or  pressure,  tendii^  to 
drive  it  into  solution  (in  ionic  form,  of  course,  since  it  is  not  soluble 
otherwise).  The  value  of  this  pressure  becomes  rapidly  less  as  we 
pass  through  the  series  from  magnesium  to  gold.  If  the  ions  of  the 
same  metai  are  already  present,  they  tend  to  ffve  up  thdr  electrical 
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charges  and  deposit  themselves  upon  the  metal.  These  two  tend- 
encies Oppose  one  another,  just  as  solution  pressure  and  diffusion 
pressure  oppose  one  another  in  the  ordinary  process  (A  dissoIviBg 
any  substance  (p.  186).  When  the  tendency  of  the  ions  to  deposit 
themselves  is  the  greater  of  the  two,  a  very  minute  excess  of  dep- 
osition over  solution  occurs,  and  thus  the  solution  has,  as  a  wb<de, 
a  negative  chaise  (having  lost  some  positive  ions),  and  the  metal 
has  a  positive  chaise  (having  acquired  it  from  the  depodt  of  a  few 
ions).  This  is  the  case  with  gold  and  the  metals  as  far  up  the  list 
as  nickel.  When,  on  the  other  band,  the  solution  pressure  of  the 
metal  is  the  greater  of  the  two,  the  solution  acqiurea  a  very  slight 
excess  of  positive  ions,  and  is,  therefore,  podtively  charged  when 
compared  with  the  metal.  This  is  the  case  from  potassium  down 
to^cobalt. 

The  measure  of  the  "tendency  of  the  ions  to  deposit  themselves" 
is  mmply  the  diffusion  pressure  of  the  metal-ions.  We  perceive  this 
to  be  the  case,  for,  when  we  take  a  stronger  solution  of  the  salt,  and 
therefore  an  increased  diffusion  pressure  of  the  ions,  an  instant  effect 
is  produced.  The  solution  becomes  less  positive,  or  more  negative, 
as  the  case  may  be.  Evidently  the  solution  pressure  of  each  of  the 
metals  near  to  cobalt  and  nickel  is  almost  exactly  balanced  by  the 
diffusion  pressure  of  a  normal  solution  of  the  ions  composed  of  the 
same  motal.  This  pressure,  for  a  univalent  metal,  is  22.4  atmospheres 
(p.  333),  and  for  a  bivalent  metal  11.2  atmospheres.  The  metals 
above  nickel  have  solution  pressures  higher  and  higher  above  this 
norm;  those  below  cobalt  have  solution  pressures  farther  and  farther 
below  it.  The  effect  of  changing  the  diffusion  pressure  is  independent 
of  the  particular  substances  used,  and  depends  only  on  the  valence. 
When  the  concentration  of  the  metal-ion  becomes  ION,  0.058  volts 
must  be  subtracted  (algebraically)  from  the  potential  (see  above 
table)  of  the  liquid,  if  the  metal-ion  is  univalent.  If  it  is  Tt-valent, 
0.058/n  must  be  subtractfid.  When  the  solution  is  O.IJV,  0.058/n 
volt  must  be  added;  when  it  is  O.OliV,  2  X  0.058/n  must  be  added, 
and  so  forth.  Thus,  zinc  with  decinormal  zinc-ion  gives  -1-0.5  + 
0.068/2  =0.53  volts,  approximately;  silver  with  centinormal  diver- 
ion  gives -1.04 -H  (2X0.058)  =  -0.924  volts,  approximately.  And, 
in  general,  if  c  be  the  equivalent  concentration  of  the  metal-ion  in 
the  liquid  under  consideration,  and  Wo  the  electrical  potential  of  that 
liquid,  while  r,  is  the  potential  of  the  liquid  containing  iV  metal-ion. 
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Applicatians!     E.M.F.    of  a   Displacement   Cell,  —  When, 

now,  a  cell  with  two  poles  and  two  metal-Ions  is  set  up,  we  'can  tell 
from  the  above  table  what  the  difference  in  px>teDtial  between  the  two 
poles  will  be.  We  may  regard  the  two  systems  —  the  anodic  and 
cathodic  —  as  working  against  each  other.  Each  metal  tends  to 
project  its  ions  into  the  solution  and  to  generate  a  positive  current 
in  the  bquid  and  a  n^ative  one  in  the  wire.  If  both  solutions  are 
normal,  or,  in  general,  of  equal  equivalent  concentration,  the  relative 
solution  pressures  of  the  metals  decide  the  direction  of  the  resultant 
current,  and  its  m^nitude  will  be  the  differerux  of  the  two  effects. 
Thus,  the  values  for  the  following  pairs  will  be: 

Zu-Cd-H-,  +0.5    -  (+0.16)  =  +0.34,  Zinc  the  negative  pole.  ' 
Cd-Cu++,  +0.16  -  (-0.58)  =  +0.74,  Cadmium  the  negative  pole. 
Zn-Cu++,  +0.5    -  (-0.58)  =  +1.08,  Zinc  the  n€«adve  pole. 

The  Duiiall  or  gravity  cell  (Fig.  154)  represents  the  last  of  these 
three  combinations.  The  copper  pole  is  at  the  bottom,  and  the  zinc 
plate  is  suspended  above  it.  The  cell  is  chained 
with  a  dilute  solution  of  sodium  chloride,  and 
blue  vitriol  crystals  are  thrown  in  and  dissolve. 
So  long  as  the  contents  are  not  disturbed,  the 
solutions  require  no  porous  septum  to  keep  them 
apart.  It  is  true  that,  when  the  current  is  not 
being  used,  and  the  cell  is  not  working,  the  cupric 
sulphate  diffuses  upwards.  During  the  time  that 
the  circuit  is  closed,  however,  the  effects  of  diffu- 
(Hon  are  nullified  by  the  migration  of  the  cupric- 
ion  away  from  the  zinc  and  towards  the  positive 
pole.  The  actual  E.M.F.  of  this  cell  is  not  ex- 
actly that  calculated  above  for  normal  solutions,  because  the  cupric 
sulphate  is  in  saturated  solution,  and  the  concentration  of  the  zinc- 
ion  varies,  starting  at  zero  and  increasing  as  the  cell  is  used.  It  is, 
however,  a  little  over  1  volt. 

The  cell  Zn-H+  (+0.5  -  (-0.24)  =  0.74  volts)  works  with- 
out a  septum,  provided  the  direct  action  of  the  zinc  on  the  add  is 
minimized  by  adequate  amalgamation  with  mercury.  It  ^ves  a 
very  inconstant  electromotive  force,  however,  because  the  platinimi 
plate  used  as  the  cathode  becomes  covered  with  bubbles  of  hydrogen, 
and  so  the  internal  resistance  of  the  cell  is  greatly  increased,  llie 
polarization  (p.  360)  also  diminishes  the  electromotive  force.    These 
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difficulties  are  remedied,  and,  in  fact,  a  great  increase  in  the  E.M.F. 
of  the  cell  is  effected,  by  surroundit^  the  cathode  with  an  oxidizing 
agent  which  shall  convert  the  hydrogen  into  water.  The  energy 
obtainable  is  thus  that  of  a  strong  oxidizing  agent  on  zinc,  and  not 
merely  that  of  an  add.  In  the  Bunstn  call  the  cathode  is  a  carbon 
block  surrounded  by  concentrated  nitric  acid.  In  the  dlebronurtw 
battsiy  it  is  a  carbon  block  with  chromic  acid.  E^ach  of  these  cells 
^ves  an  E.M.F.  of  1.9  voltfl.  In  the  LecUnche  cell  the  cathode  is  a 
mixture  of  carbon  and  manganese  dioxide,  and  the  fiuid  is  a  solution 
of  anmionium  chloride  from  which  the  zinc  displaces  hydrogen.  The 
dioxide,  beii^  solid,  oxidizes  the  hydrogen  slowly,  and  the  cell  can 
be  used  for  only  a  few  minutes  at  a  time  without  becoming  polaiized. 
The  E.M.F.  is  1,48  volte.  Dry  cells  are  of  the  same  nature,  but  con- 
ttdn  a  porous  sohd  which  holds  the  hquid  by  capillary  forces  (for 
Accumulators,  see  under  Lead). 

A  cell  is  thus  an  engine  for  the  direct  transformation  of  chemical 
into  electrical  energy,  just  as  a  steam-engine  transfoims  chemical 
enetgy,,by  several  stages,  it  is  true,  into  mechanical  energy.  The 
eel!  is  driven  by  pressure-differences  in  the  materials  in  and  around 
the  two  poles. 

The  Woston  Standard  Coll  contains  a  pole  of  mercury  in  a  satu- 
rated solution  of  mercurous  sulphate,  and  cadmium  in  contact  with 
saturated  cadmium  sulphate  solution.  For  normal  solutions,  the 
voltage  would  be  -1-0.16  -  (—0.99)  =■  1.15  volts.  At  20°  it  is 
1.0183  volts. 

The  Claric  Standard  Cell  contains  zinc  and  ^nc  sulphate  solution 
in  place  of  the  cadmium.  With  normal  solutions  it  would  ^ve 
+0.5  -  (-0.99)  =  1.49  volte.    It  actually  gives  1.434  volte. 

Single  Potential  D^erencea  for  Non-Metnllic  Ions.  —  The 

corresponding  figures  for  the  non-metals  are: 

I-     -0.78  C\-    -1.59  HSOr  -2.9 

Br-  -1.32  OH-  -1.96 

0=    -1.36  804=  -2.2 

As  before,  the  anode  potential  is  supposed  to  work  against  the  cathode 
potential  and  is  subtracted  from  it.  Hence  the  cell  with  zinc  and 
bromine-water  (p.  789)  in  presence  of  normal  concentration  of  the 
respective  ions,  gives  +0.5  —  (—1.32)  =  1.82  volte.  Similarly,  the 
cell  in  which  bromine  displaces  iodine  (p.  791)  gives  —0.78  — 
(-1.32)  -0.54  volte. 
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Applications :  Electrolysis :  Discharging  Potentiats,  — 
When  a  solution  of  a  salt,  such  as  cupric  chloride,  is  electrolyzed, 
copper  and  chlorine  are  liberated  at  the  two  poles.  Now,  when 
the  electrolysis  has  made  some  prepress,  if  the  battery  is  taken 
out,  and  the  wires  are  joined,  s  current,  the  poUrlxatlon  onmut, 
flows.  Evidently,  the  copper  and  chlorine  liberated  in  and  round 
the  electrodes  have  made  the  arrangement  into  a  copper-«hlorine 
battery  cell.  Assuming  normal  concentrations,  the  E.M.F.  of  the 
polarization  current  is  —0.68  —  (—1.69)  =  1.01  volts.  Now  this 
counter-current  is  in  operation  during  the  whole  electrolysis.  To 
overcome  it,  and  maintain  the  electrolysis,  evidently  an  E.M.F.  <rf 
at  least  1 .01  volts  from  the  battery  is  required.  This  is  called  the 
dlKlursliig  potential  for  cupric  chloride. 

Again,  a  tin-chlorine  cell  produces  —0,14  —  (— 1.59)  =  1.45  volts, 
and  this  E.M.F.  will  just  suffice  to  electrolyze  tin  chloride.  Similaiiy, 
hydrochloric  acid  will  require  at  least  —0,24  —  (—1.59)  —  1,35 
volts,  and  zinc  sulphate  0.5  -  (—2.2)  =  2,7  volts. 

Chcygen  acids  like  sulphuric  acid  ^ow  a  trace  of  decompodtion  at 
1.12  volts  (=  -0.24  -  (-1.36)),  and  a  noticeable  but  stiU  small 
decomposition  at  1.72  volts  (=  -0.24  -  (-1.96)),  due  to  the  H+ 
and  0=  and  the  H+  and  0H~  respectively.  But  it  is  only  when  the 
E.M.F.  reaches  the  values  for  H+  and  80*=,  and  H+  and  HSOr, 
namely,  1.96  and  2.66  volts,  that  rapid  electrolysis  begjns.  This 
observation  answers,  incidentally,  the  question  whether  in  the  so- 
called  ''electrolysis  of  water,"  when  dilute  sulphuric  acid  is  used,  it 
is  the  water  or  the  acid  that  is  decomposed.  The  H+  and  0H~  de- 
composition at  1.72  volts  is  very  slight,  because  of  the  small  concen- 
tration of  the  OH",  and  a  lens  is  required  for  its  recognition.  The 
more  vigorous  action  resulting  from  the  discharge  of  SOi~  and  ^O*" 
by  the  use  of  2-3  volts  is  therefore  the  one  invariably  used. 

In  view  of  the  foregoing  facta,  it  is  probably  most  correct  to  say 
that  when  dilute  sulphuric  acid  is  electrolyzed,  e.g.,  as  a  lecture 
experiment,  the  oxygen  liberated  at  the  anode  comes  mainly  from  a 
secondary  interaction  of  the  discharged  material  of  the  anions  with 
the  water  (p.  121).  A  minute  proportion  of  the  oxygen  in  such  an 
experiment  does  arise  from  primary  electrolysis  of  the  water,  but  this 
effect  of  the  current  is  in  itself  too  slight  to  be  visible  at  a  distance. 
When,  on  the  other  hand,  the  solution  electrolyzed  contains  a  salt  of 
sodium,  and  hydrt^n  is  liberated  at  the  cathode,  this  gas  must  be 
r^arded  as  coming  chiefly  from  primary  electrolysis  of  the  water. 
The  dischai^ng  potential  for  sodium  chloride  should  be  -1-2.4  — 
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(•-i.S9)  •=  3.99  volts,  and  with  the  help  of  a  mercuiy  cathode  a 
Bodium  amalgam  is  easily  obtained  (p.  667).  But  it  will  be  found 
that,  with  platiDUm  electrodes,  hydrogen  and  chlorine  are  liberated 
freely  from  a  solution  of  salt  by  a  current  of  little  more  than  half  the 
above  mentioned  E.M.F.  The  pofdtive  electridty  is  carried  in  the 
liquid  mainly  by  the  very  numerous  sodium  ions.  But,  when  these 
ions  reach  the  cathode,  the  potential  difference,  being  insufficient 
to  discharge  the  sodium-ion,  liberates  the  hydrogen-ion  of  the  water 
instead.  Thus  the  accumulating  hydroxide-ion  of  the  water,  and  the 
sodium-ion  arriving  by  migration,  together  constitute  the  sodium 
hydroxide  which  is  another  product  of  this  electrolysis.  With  high 
E.M.F.  and  sufficient  current  density,  sodium-ion  is  doubtless  actu- 
ally discharged,  and  in  that  case  a  part  of  the  hydrogen  liberated  is 
furnished  by  the  interaction  of  the  metal  with  the  water.  . 

The  ordinary  chemical  behavior  of  the  halogens  accords  with  the 
order  of  thdr  potential  differences.  Bromine  displaces  iodine,  and 
chlorine  displaces  both  (p.  285).  Chlorine,  however,  does  not  displace 
eaaly  perceptible  amounts  of  oxygen  from  water,  because  of  the  small 
concentration'  of  the  0^  (obtained  by  secondary  ionization  of  the 
0H-).  The  oxygen  freely  Hberated  in  sunhght  comes  from  the  de- 
composition of  the  HCIO  (p.  223).  Fluorine,  however,  which  would 
show  a  potential  difference  greater  than  that  of  the  much  more  plen- 
tiful 0H~,  displace?  oxygen  vigorously  by  dlschat^ing  this  ion. 

Applications.-  Electrolytic  R^ning.  —  The  electrolytic  proc- 
ess of  refining  copper  (read  p.  747)  can  now  be  more  easily  under- 
stood. Both  electrodes  are  niade  of  copper,  and  the  solution  contains 
cupric  sulphate.  There  is,  therefore,  no  difference  in  potential  be- 
tween the  plates,  except  a  very  small  one,  due  to  the  fact  that  one 
plate  is  pure  copper  and  the  other  impure.  Hence  a  very  slight 
E.M.f^.,  sufficient  to  overcome  the  difference  just  mentioned,  and  to 
overcome  the  friction  of  the  moving  ions,  is  all  that  is  required,  and 
0.5  volts  is  sufficient. 

As  regards  the  resulting  purifioatlon,  the  anode  of  crude  copper, 
which  is  bemg  consumed,  contains,  besides  copper,  small  amounts 
of  less  active  metals  like  silver  and  gold,  and  of  more  active  metals 
like  zinc.  So  far  as  the  more  active  metals  are  concerned,  the 
cell  is  like  one  with  zinc  and  cupric  sulphate  (p.  791).  It  would 
run  by  itedf,  without  any  out«de  current,  and  would  actually  gen- 
erate a  current.  Hence  the  active  metals  become  ionic  easily,  and 
displace  cupric-ion  from  the  solution.    The  less  active  metals,  on 
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the  other  hand,  are  not  required  for  the  transference  of  the  electridty, 
since  a  great  excess  of  the  more  active  copper  is  available.  They 
also  require  a  larger  E.M.F.  for  their  ionization  than  does  copp^. 
Hence,  they  remain  as  metals,  and  drop  to  the  bottom  of  the  cell 
(sludge)  as  the  anode  of  crude  copper  wears  away. 

Applications!  Couples.  —  The  fact  that  metallic  sine  will  dis- 
place hydrogen-ion  from  an  acid,  or  cuptic-ion  from  cupric  sulphate 
solution  can  now  be  explained.  The  more  active  metals  are  the  ones 
which  have  the  greatest  tendencies  to  become  ionic.  Each  will  de- 
prive the  ions  of  a  metal  below  it  in  the  list  of  their  electric  charges: 

ZD'>  +  2H+-»Zn++  +  H,''T. 
Zn"  +  Cu++  -» Zn++  +  Cu°i . 

Now  we  have  noted  the  facts  (pp.  119,  769)  that  contact  with  a 
platinum  wire,  or  the  presence  of  impuiities  (other  metals)  in  the 
zinc,  wiU  hasten  its  action.  Pieces  of  two  metals  in  contact  with 
one  another  constitute  a  eouple.  With  zinc  and  platinum  in  an 
acid,  a  current  is  set  up,  like  that  of  a  short  circuited  cell.  The 
zinc  becomes  negative,  the  platinum  positive,  and  the  hydrogen  is 
Uberaied  upon  Vie  platinum.  This  facilitates  the  action  because, 
when  the  platinum  is  absent,  and  the  hydrogen  gas,  in  bubbles,  is 
Uberated  on  the  surface  of  the  zinc,  this  surface  is  only  partly  in  con- 
tact with  the  acid  (R*),  and  so  the  liberation  of  ttie  hydrogen  is 
slower. 

OahuilMd  Iron  is  also  a  couple.  When  rain  (dilute  carbonic 
acid)  falls  upon  it,  the  zinc,  being  the  more  active  metal  (p.  794), 
is  the  anode  and  tends  to  become  ionized  (forming  the  carbonate). 
The  iron  is  the  cathode  and  is  not  affected.  The  carbonate,  how- 
ever, forms  a  closely  adhering  coating  on  the  zinc,  and  so  but  little 
of  this  metal  is  actually  consumed,  and  the  material  b  therefore 
durable.  On  the  other  band,  a  sheet  of  iron,  without  the  zinc  coat- 
ii^,  gives  ferrous  carbonate  which  is  easily  oxidized  to  ferric  hydroxide 
(a  base  too  weak  to  give  a  carbonate).  This  forms  a  brittle,  porous 
layer  which  does  not  mechanically  protect  the  surface  from  further 
action,  and  so  the  iron  is  finally  all  oxidized.  Tiii-plat«  (tin  on 
iron,  a  couple)  is  not  attacked  so  long  as  the  layer  of  tin  is  nowhere 
broken.  But  damaged  tin-plate  rusts  rapidly.  There,  the  iron  is 
the  more  active  metal  (p.  794)  and  forms  carbonate  and  then  hydrox- 
ide continuously,  while  the  tin  remans  unaffected. 
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Rusting.  —  It  aeeme  to  be  generally  overlooked  that  tu>o  foctore  are  oon- 
oerned  in  determining  sxtont  to  wbich  tbe  ruitiiig  or  tamiBfaiug  of  «  metal 
will  proOMd.  Other  thin^  being  equal,  it  should  depend  upon  the  order  of 
activity  of  the  metala,  since  it  ie  a  question  of  action  upon  surface  moiBture  con- 
taining carbonic  acid,  with  atmospheric  oxygen  aa  an  assistant  when  the  metal 
does  not  liberate  elementary  hydrc^en  (e.g.,  Copper,  p.  745).  But  this  apphea  only 
to  the  initiation  of  the  action.  The  physical  qualities  of  the  product  then  deter- 
mine whether  the  rusting  shall  be  superficial  or  shall  go  deeper.  Magnesium 
(p.  765)  and  iron  (p.  800)  give  carbonates,  and  the  latter  eventually  a  brittle, 
scaly  hydrated  oxide.  ■  In  both  cases,  the  porous  product  harbors  moisture  and 
thus  promotes  further  rusting.  Aluminium  is  more  active  than  is  iron,  but  the 
homy,  gelatinous,  closely  adherent  hydroxide  first  formed  protects  the  surface 
from  further  action.    The  same  is  true  of  cine  and  tin. 

Concentration  Cells,  —  If  two  rods  of  a  metal  (e.g.,  tin)  are 
placed  together  in  the  same  solution  of  a  salt  of  the  metal  (_e.g., 
stannous  chloride  SnCli),  there  is  no  difference  in  potential,  because 
the  state  of  both  poles  is  in  all  respects  the  same,  and  no  current 
flows  when  they  are  connected  by  a  wire.  The  two  poles  and  their 
solutions  are  here  alike  and  —0.14  —  (—0,14)  =  0.    But  if  the 
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solution  round  one  pole  is  diluted  to  JV/10  concentration,  the  poten- 
tial at  that  pole  becomes  at  once  —0.14  -|-  0.058/2  =  —0.11  volts, 
approximately,  and  a  current  is  set  up  (F^.  165).  The  tendencies 
of  the  metallic  tin  to  form  ions  are  equal,  but  the  pressures  of  the 
stannous  ions  are  different,  and  so,  when  the  circuit  is  closed,  stan- 
nous ions  are  discharged  on  the  tin  pole  in  the  more  concentrated 
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solution,  formit^  long  ciyatals  of  iin,  and  tin  in  equal  amount  from 
the  pole  in  the  dilute  solution  becomes  ionic. 

Figure  156  shows  the  mmplest  arrangement,  where  the  more  con- 
centrated, denser  liquid  is  below,  and  one  rod  of  tin,  passing  through 
both  layerSj  furnishes  at  once  the  two  poles  and  the  connection. 
The  chloride-ion  migrates  through  the  solution,  in  a  direction  opposite 
to  that  taken  by  the  tin  ions,  and  thus  passes  upwards  into  the 
dilute  solution  to  balance  the  fresh  tin  ions  that  are  continuously 
formed.  All  change  ceases  when  the  concentrations  have  become 
equalized. 

The  concentration  cell  is  instructive  because  it  shows  that  the 
order  of  the  metals  in  the  electromotive  series  is  not  determined  by 
the  metal  alone,  but  also  by  the  concentration  of  the  solution.  The 
order  of  the  metals  in  the  electromotive  seriee  is  therefore  subject  to 
variation.  An  extreme  case  of  this  occurred  in  a  recent  chapter. 
2iac  displaces  copper  from  a  solution  of  a  cupric  (or  cuprous)  salt, 
and  any  but  a  prodigiously  dilute  solution  will  show  the  eSect. 
But  a  solution  containing  cuprocyanide4on  Cu(CN)s~  has  precisely 
this  very  minute  concentration  of  copper  ions  which  will  turn  the 
scale.  Hence,  2xa.c  will  not  displace  copper  from  this  solution 
(p.  744).  On  the  contrary,  copper  will  displace  zinc  from  a  solution 
of  a  salt  of  the  latter  containing  excess  ol  potas^um  t^anide,  and 
therefore  the  complex  salt  E.Zn(CN)i. 

The  law  which  formulates  the  relation  between  the  two  ccmcen- 
trations  and  the  E.M.F.  produced  being  known  (p.  795),  it  is  possible 
to  UM  the  conoantntion  c«ll  tcx  rattMoxing  ■olubllltiw  of  insoluble 
Mdta.  Thus,  we  cannot  easily  measure  the  solubility  of  silver  chlo- 
ride by  the  ordinary  method  (p.  180),  because  evaporation  of  the 
solution  may  leave  a  larger  mass  of  impurities,  derived  from  solution 
of  the  glass,  than  of  dissolved  silver  chloride.  Hence,  we  use  two 
poles  of  diver,  place  one  in  normal  silver  nitrate  solution  and  the 
other  in  saturated  silver  chloride  solution  (with  excess  of  the  solid), 
measure  the  difference  in  potential,  and  calculate  the  ratio  of  the 
concentrations  of  silver-ion  in  the  two  solutions.  The  absolute 
value  of  that  in  the  silver  nitrate  solution  is  known,  and  so  the 
absolute  value  of  the  Ag^  concentration  in  the  edlver  chloride 
solution  can  be  found.  Since  silver  chloride  is  a  salt  (p.  369),  it 
is  very  highly  ionized  in  so  dilute  a  solution,  and  the  molecular 
concentration  of  silver-ion  is  practically  equal  to  the  total  molec- 
ular  concentration  of  silver,  ^d  therefore  of  ralver  chloride  in  the 
liquid. 
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The  Factors  qf  Energy.  —  We  have  seen  that  the  amount  of  a 
given  supply  of  electrical  enei^  is  described  by  two  factors,  the 
E.M.F.  and  the  quantity  of  electricity,  and  that  the  weight  of  mate- 
rial, which,  by  its  infiuence,  undergoes  &  given  chemical  change,  is 
proportional  solely  to  this  second  factor.  On  the  other  hand,  the 
question  whether  the  supply  of  enei^  can  iniHaie  Ok  change  ai  aU  de-' 
pends  on  the  magnitude  of  the  Srst  factor  alone  (p.  798).  The  total 
amount  of  avulable  energy  does  not  influence  the  result  if  the  E.M.F. 
is  not  above  a  certfun  minimum,  which  differs  from  case  to  case.  Now 
the  same  is  true  of  other  kinds  of  energy.  The  quantity  of  each  may 
be  expressed  as  the  product  of  sji  Intenxitj  factor  and  a  ca/paeU^ 
factor.  The  magnitude  of  the  former  determines  whether  the  energy 
can  be  transferred  or  tiansfoimed  or  not.  Heat  enei^,  no  matter 
how  much  of  it  Is  at  hand,  can  neither  Sow  nor  be  transformed  into 
work  unless  the  source  is  at  a  higher  t«iiiperatur«  (intensity  factor) 
than  the  surroundings.  A  bead  of  water  will  do  work  only  when  it 
is  connected  with  a  receptacle  at  a  lower  level.  It  is  the  pnwun 
of  the  water  that  determines  its  availability.  The  E.M.F,  is  the 
intensity  factor  of  electrical  energy. 

Now  we  may  presume  that  chemical  energy  can  alao  be  expressed 
by  two  factors.  One  of  these,  the  capacity  factor,  must  be  pro- 
portional to  the  quantity  of  material,  in  other  words,  to  the  number 
of  chemical  equivalents.  The  other  is  the  dumloal  potantUl  (inten- 
rity  factor).  A  chemical  change  which  does  not  take  place  on  a 
small  scale  will  not  take  place  when  more  material  is  used,  provided 
the  relative  amounts  of  the  interacting  substances  and  the  conditions 
remun  unchained.*  We  have,  in  fact,  been  assuming  all  along.that 
this,  the  capacity  factor,  is  not  the  most  significant  one.  But  we 
have  devot«i  ourselves  to  noting  such  things  as  these:  that  chlorine 
will  displace  bromine,  and  therefore  has  the  higher  potential  of  chemi- 
cal enei^;  that  magnedum  reduces  sand,  while  hydrc^en  does  not, 
and  that  magnedum  is  therefore  a  more  active  reducing  agent; 
and  that  hypochlorous  acid  will  oxidize  indigo,  while  free  oxygen  will 
not,  and  is  therefore  a  more  powerful  oxidizing  agent.  When  we 
were  comparing  degrees  of  ocUvl^,  therefore,  we  were  really  trying 
to  describe  the  relative  potential  of  the  chemical  energy  in  all  sorts  of 
Bubetances.  At  present,  the  state  of  the  sdence  permits  this  to  be 
done  in  most  cases  in  a  rough  fashion  only. 

*  Change  in  concentration,  a  condition,  hpwever,  does  aSeot  activity,  and 
theiefore  modifies  the  chemical  potential. 
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AppUcatUtnst  Measurement  of  Affinity.  —  Since  the  capac- 
ity factor  of  chemical  energy  is  proportional  to  the  number  of 
equivalent  weights  transformed,  and  the  capacity  factor  of  electrical 
enei^  is  proportional  to  the  same  thing  (Faraday's  law),  it  follows 
that  the  intensity  factor  of  the  chemical  energy  (the  chemical  poten- 
tial) in  a  given  substance  underling  a  given  change,  must  be  pro- 
portional to  the  corresponding  factor  (the  E.M.F.)  of  the  electrical 
energy  produced  when  the  same  change  takes  place  in  a  suitable  cell. 
Thus  the  activities  of  the  metals,  expressed  in  volts  (p.  794),  are 
accurate  figures  for  the  relative  affinities  of  the  metals,  so  far  at 
least  as  ionic  actions  are  concerned.  In  point  of  fact,  they  express 
alao  the  approximate  affinities  of  the  metals  in  other  actions  (p.  404) 
as  well.  Again,  by  using  different  oxidizing  agents  in  place  of  the 
chlorine-water  (p.  792)  and  noting  the  differences  in  potential,  we  can 
obtain  numbers  representing  the  relative  activities  of  various  oxidiz- 
ing ^ents  towards  oxidlzable  ions.  The  potential  differences  de- 
scribed above  are  therefore  often  much  more  significant  tbaii  are 
the  results  of  tbermochemical  measurements,  for  the  latter  attempt 
to  give  only  the  gross  quantity  of  chemical  enei^  (in  terms  of  the 
equivalent  amount  of  heat  enei^),  and  not  the  values  of  the  factors. 
The  potential  differences  come  nearer,  therefore,  to  giving  us  absolute 
values  for  cbemicfd  activity  than  do  any  other  data  we  possess. 

As  we  have  noted  before  (p.  100),  in  spite  of  the  enormous  range 
of  temperature  at  our  disposal,  extending  to  a  point  far  above  2500° 
in  the  electric  furnace,  there  are  many  substances  for  whose  decom- 
position a  sufficient  potential  of  heat  energy  is  not  available.  On  the 
other  hand,  amongst  substances  that  are  capable  of  fumishii^  an 
electrolyte,  when  dissolved  in  a  suitable  solvent  or  when  fused,  there 
are  few  that  are  not  decomposable  by  a  current  with  an  E.M.F.  of  less 
than  10  volts.  Hence  even  the  elements  which  give  the  most  stable 
compounds  and  are  the  most  difficult  to  isolate,  such  as  calcium  and 
aluminium,  are  liberated  by  electrical  methods  with  extreme  ease. 

The  idea  that  every  kind  of  enei^y  is  described  by  two  factors,  which  play 
diSereDt  rfilea,  serves  to  clarify  our  thouj^la  sbout  many  things.  For  example,  one 
author  says:  "Valence  is  a  form  of  chemical  enei^,"  Now  valence  is  tha  Dum- 
ber of  equivaleats  coatained  in  the  atomic  weif^t.  It  ia  the  value  of  the  capacity 
factor,  only,  of  the  energy  in  one  atomic  weight.  It  is  not  a  form  of  enerQr, 
hecauae  it  takes  no  account  of  the  inl«nuty  factor.  Again,  the  some  author  says: 
"Chemical  energy  is  identical  with  chemical  affinity."  Yet  the  affinity  between 
a  ^ngle  atom  of  sodium  and  &  single  atom  of  chlorine  is  the  same  as  tliat  betweea 
23  kilograms  of  the  one  and  35.46  kil<%nims  of  the  other,  although  thtre  ia  mily  a 
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trace  of  ene^y  produced  by  union  of  the  two  atoms  and  a  r^tively  immenee 
amount  by  the  union  of  the  larger  quantities.  Chemical  affinity  is  the  intensity 
factor  of  chemical  energy  only,  ^d  we  muat  have  also  the  amount  of  material 
(capacity  factor)  before  the  whole  statement  conveys  any  information  about 
entxfy.  Fourteen  is  a  factor.  If  the  other  factor  is  pins,  the  amount  of  material 
.  is  specified,  but  very  small.  If  the  other  factor  is  elephants,  then  the  amount  of 
matter  is  much  greater.     Fourteen  by  itself  conveys  no  meaning. 

Method*  of  Metwuring  Chemical  Activity.  —  The  following 
19  a  summary  of  the  methods  of  measuring  chemical  activity. 

The  thormocbsmlcal  mstbod  (p.  98)  can  be  used  in  every  chemi- 
cal change.  But  the  heats  of  reaction  represent  the  free  energy,  and 
therefore  the  affinity,  only  when  the  heat  capadty  of  the  products  is 
equal  to  that  of  the  factors  and  no  changes  in  concentration  arise. 

For  measuring  the  activity  of  addi  in  dilute  solution,  several 
methods  have  been  mentioned :  The  speed  of  interaction  of  different 
acids  with  the  same  metal  (p.  128);  the  acceleration  of  the  speed  of 
hydrolysis  of  ethyl  acetate  (p.  617-8)  and  of  cane-sugar  (p.  606)  by 
<hfTerent  acids;  the  amounts  of  insoluble  salts,  such  as  calcium  oxa- 
late (p.  713),  or  zinc  sulphide,  which,  when  the  system  has  reached 
equilibrium,  are  found  to  have  been  decomposed  by  different  acids 
under  like  conditions;  the  relative  extents  of  the  bydroly^s  of  salts  of 
different  weak  acids  (p.  648);  the  electrical  conductivity  {p.  365)  and 
the  freezing-  and  boiling-points  of  solutions  of  acids  (pp.  336,  337). 
These  last  measure  by  physical  methods  the  same  thing  that  the 
others  determine  by  chemical  means,  namely,  the  tendency  to  ioniia- 
tion  on  which  the  activity  of  acids  depends  (p.  369.     See  also  p.  392). 

For  measuring  the  acttvity  of  Imwm  we  have:  The  relative  speeds 
of  saponification  of  esters  by  different  bases  (p.  618) ;  the  relative  ex- 
tents of  the  hydrolysis  of  salts  of  different  weak  bases  (p.  399) ;  the 
conductivity  and  the  freezing-  and  boiling-point  methods,  which 
measure  by  phy^cal  means  the  tendency  to  ionization. 

For  measuring  the  relative  aotltttles  of  metala  and  of  non-motaU 
we  have :  The  single  potential  differences  (pp.  794,  797) ;  and,  for  the 
former,  the  speeds  of  interaction  of  different  metals  with  the  same 
acid  (p.  128). 

For  measuring  the  relative  aoUTttr  In  ixon-rsmsibla  acttoni  we 
have:  The  speed  with  which  the  actions  take  place  under  like  con- 
ditions (p.  294), 

For  measuring  the  relative  activities  of  tha  oppoud  actlona  In 
nrmlUo  changM,  v/e  have:  The  concentrations  of  the  materials  re- 
maining when  equilibrium  has  been  reached  (p.  298).    The  relative 
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activities  in  dlfl«rent  raronlble  chutgH  may  also  be  ascertaiaed  by 
comparing  the  eonceiitratibns  in  one,  at  equilibrium,  with  those  in 
another  (qf.  p.  299). 

For  measuring  the  relative  activities  ot  oxidising  aod  reducdnr 
•cmtB,  we  have :  The  potential  differences  in  cells  arranged  after  the 
manner  of  the  Buns^n  and  Leclanch^  celb  (p.  792). 

If  we  consider  the  whole  maas  of  phenomena,  it  must  be  admitted 
that  the  scientific  study  of  the  quantities  of  material  has  reached  a  far 
higher  level  of  exactness,  and  has  very  much  more  nearly  enveloped 
the  whole  field  covered  by  the  science,  than  has  the  study  of  relative 
activity.  Yet  it  is  evident  that  within  the  past  few  years  substantial 
advances  have  been  made  in  this  direction  also. 

Exerciaes.  ■ —  1.  Make  diagrams  of  the  following  cells,  choosing 
with  care  suitable  inactive  substances  to  complete  the  arrangement: 
(a)  chlorine-water  and  aluminium;  (b)  chlorine-water  and  ferrous 
chloride;  (c)  zinc  and  dilute  sulphuric  acid;  (e)  chlorine-water  and 
potasaum  bromide. 

2.  Calculat«  the  E.M.F.  of  each  of  the  cells  in  Ex.  1,  assuming 
nonnal  solutions  to  be  present. 

3.  What  will  be  the  discharging  potentials  of  solutions  of  the 
following  substances,  assuming  N  concentrations  of  the  ions:  (a) 
mai^^ous  chloride;  (b)  hydrogen  iodide;  (c)  ferrous  bromide; 
(«)  sodium  chloride  (hydrogen  is  liberated)? 

4.  What  weight  of  zinc  must  be  ionized  every  hour  in  a  cell  in 
order  to  produce  a  current  of  5  amperes  strength?  For  bow  long 
would  500  g.  of  zinc  serve  to  maintain  this  current? 

5.  What  will  be  the  E.M.F.  of  a  concentration  cell  in  which  the 
poles  are  of  lead  and  the  lead-ion  is  one  hundred  times  more  concen- 
trated round  one  pole  than  round  the  other? 

6.  What  weight  of  aluminium  must  become  ionized  every  hour 
in  a  cell  in  order  that  a  current  of  five  amperes  strei^h  may  be  pro- 
duced? What  would  be  the  E.M.F.  of  the  current  if  an  acid  with 
normal  concentration  of  hydrogwi-ion  surrounded  the  cathode  and  a 
solution  of  normal  aluminium-ion  the  anode?  How  would  this 
E.M.F.  be  affected  if  the  aluminium-ion  were  only  one-hundredth 
normal? 
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CHAPTER  XXXIX 

ALUMIHIUM  AND  THE  METALLIC  XLEBSENTS  OT  THE  EABTHS 

Thb  fourth  column  of  the  periodic  table  contains  boron  and 
aluminium  aloi^  with  a  number  of  rare  elements.  The  chief 
members  of  the  family  are:  boron  (B,  at.  wt.  11),  aluminium  (AI, 
at.  wt.  27.1),  gallium  (Ga,  at.  wt.  69.9),  indium  (In,  at.  wt.  114.8), 
thallium  (Tt,  at.  wt.  204),  all  on  the  right  ^de  of  the  column;  and 
scandium  (Sc,  at.  wt.  44.1),  yttrium  (Yt,  at.  wt.  88.7),  lanthanum 
(La,  at.  wt.  139),  on  the  left  side.    These  elements  are  all  trivalent. 

The  Rare  Elements  of  tftis  Family,  —  The  oxide  and  hydrox- 
ide of  boron  are  acidic  (p.  637).  Those  of  aluminium  AI(OH)t,  gal- 
lium Ga(OH)t,  indium  In(OH)t,  and  thallium  TIO.OH  are  basic,  but 
behave  ^so  as  acids  towards  strong  bases. 

Oallium  and  Indium  occur  occasionally  in  zinc-blende,  and  were 
discovered  by  the  use  of  the  spectroscope.  The  former  takee  its 
name  from  the  country  (France)  in  which  the  discovery  was  made, 
and  the  latter  from  two  blue  lines  shown  by  its  spectrum.  Indium 
^ves  a  complete  series  of  compounds  in  which  it  is  trivalent,  and  the 
chlorides  InCl  and  InCIt  are  aJso  known. 

Thallium  is  found  in  some  specimens  of  pyrite  and  blende.  It  was 
discovered  by  Crookes,  by  means  of  the  spectroscope,  in  the  selenif- 
erous  depofflt  from  the  flues  of  a  sulphuric  acid  factory.  It  recMved 
its  name  from  the  prominent  green  Hne  in  its  spectrum  (Gk.  BaUios, 
a  green  twig).  It  gives  two  complete  series  of  compounds.  In  those 
in  which  it  is  trivalent  (thallic  salts),  it  resembles  aluminium  (q.v.). 
Thus,  the  salts  of  this  series  are  more  or  less  hydrolyzed  by  water. 
Univalent  thallium  recalls  both  sodium  and  silver.  Thallous  hydrox- 
ide TIOH  is  soluble,  and  gives  a  strongly  alkaUne  solution,  but  the 
chloride  ia  insoluble  in  cold  water.  The  solutions  of  the  thallous  salts 
are  neutral.     The  metal  is  displaced  from  its  salts  by  zinc. 

Of  the  elements  on  the  left  side  of  the  column,  Boandium,  whose 
existence  and  properties  were  predicted  by  Mendetejeff  (p.  465),  is  the 
best  known.  The  metals  of  the  rare  oarUu,  of  which  it  is  one,  are 
found  in  rare  minerals  such  as  euxenite,  gadolinit«,  orthite,  and  mono- 
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zite,  which  occur  in  Sweden,  Greenland,  and  the  United  Stat«s. 
Cwium  (Ce,  at.  wt.  140.25)  neodrmlum  (Nd,  at.  wt.  144.3),  and  pnm- 
wxUrmliun  (Pr,  at.  wt.  140.9)  occur  aloi^  with  lanthanum  in  cerit«,  a 
sihcate  of  these  four  elements.  These  four  are  included  amongst  the 
metals  of  the  rare  earths.  The  compounds  of  many  of  these  rare  ele- 
ments behave  so  much  alike  that  separation  is  difficult.  It  is  certain, 
however,  that  there  are  several  with  atomic  weights  near  to  that  of 
lanthanum  for  which  accommodation  cannot  easily  be  found  in  the 
periodic  table.  Ostwald  has  compared  them  to  a  group  of  minor 
planets  such  as,  in  the  solar  system,  takes  the  place  of  one  lai^ 
planet. 

Aluuinittm  Al 

The  Chemical  Rdatimts  of  the  Element.  —  Aluminium  is 
trivident  exclusively.  Its  hydroxide,  like  that  of  zinc  (p.  771),  is 
aaajflutteite,  that  is  to  say,  it  is  feebly  acidic  as  well  aa  basic,  and  hence 
the  met^  forms  two  sets  of  compounds  of  the  types  Na4.A10t  and 
A1».(S0»)|.  The  salts  of  both  series  are  more  or  Iras  hydrolyzed  by 
water,  the  former  very  conspicuously  so.  It  is  worth  noting  tiiat  the 
hydroxides  of  the  tiivalent  metals,  or  metals  in  the  trivalent  con- 
dition, such  as  A1(0H),,  Cr(OH)»,  Fe{OH),,  are  all  distinctiy  less 
basic  than  are  those  of  the  bivalent  metals  such  as  Zn(OH)t,  Cd(OH)i, 
Fe(OH)t,  Mn(OH)i.  This  fact  is  uswl  Is  uuItiIb  ((^.  also  p.  7S4)  in 
separating  the  two  sets.  When  a  solution  of  the  chlorides  is  shaken 
with  precipitated  barium  carbonate,  the  free  acid  from  the  more 
highly  hydrolyzed  salts  of  Al"*"*^,  Cr"*"*^,  and  Fe**"*^  interacts  with  this 
substance,  the  hydrolysis  is  promoted: 

AlCU  +  3H,0  ?±  A1(0H).  +  3HC1, 

and  eventually  the  hydroxides  Al(OH)i,  Cr(OH),,  and  Fe(OH)i  are 
completely  precipitated.  The  chlorides  of  the  bivalent  metals  re- 
main in  the  solution.  Aluminium  does  not  enter  into  complex 
anions  or  cations.  In  this  it  differs  from  zinc  and  resembles  magne- 
sium. It  is  too  feebly  base-forming  to  give  salts  like  the  carbonate  or 
sulphite,  because  hydrolysis  causes  precipitation  of  the  hydroxide 
(p.  656,  see  p.  814). 

Occurrence.  —  Aliiminium  is  found  very  plentifully  in  combina- 
tion, coming  next  to  oxygen  and  silicon  in  this  respect.  The  felspars 
(such  as  KAlSiaOs),  the  micas  (such  as  KAlSiOt),  and  kaolin  (clay) 
HiAli{Si04)*,HaO  are  the  commonest  minerals  containing  it.     Since 
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the  soil  has  been  formed  largely  by  the  weathering  of  minerals  like 
the  felspais,  clay  and  other  products  of  the  decomposition  of  such 
minerals  constitute  a  lai^  pfut  of  it.  Garnets,  which  are  found  in 
metamorphic  rocks,  are  mmnly  an  orthosilicate  of  calciuin  and 
aluminium  Ca«AJ](Si04)j.  Turquoise  is  a  hydrated  phosiduite 
Ali(OH)jPO*,HjO,  and  ciyolite  a  double  fluoride  3NaF,AlFa.  Vari- 
ous forms  of  the  oxide  and  hydroxide  are  also  found. 

Preparation  and  Physical  Properties.  —  The  metal  is  now 
made  on  a  large  scale  by  electrolysis  of  the  oxide  AliOi  dissolved  in 
a  h&ib  of  molten  cryolite  (m.-p,  1000°),  a  process  invented  by  C.  M. 
Hall  (1886).     The  operation  is  conducted  in  cells  (5X3  feet,  or 
larger),  the  carbon  linings  of  which  form  the  cathodes  (Pig.  157). 
The  anodes  are  rods  of  carbon,  which     ^ 
combine  with  the  oxygen  as  it  is  liber- 
ated.    The  metal  {m,-p.  659°)  sinks  to 
the  bottom  of  the  cell  and  is  drawn  off 
periodically,  while  freeh  portions  of  the 
oxideare  added  from  time  to  time.    The 
oxide  is  made  from  bauxite  (see  below),  ^  | 
and  must  be  free  from  oidde  of  iron  and 
other  impurities,  as  the  metal  cannot  be 
purified  commercially.     A  current  den- 
sity of  5  amperes  per  aq.  cm.  of  cathode 

area  and  an  E.M.F.  of  5-6  volts  mainttun  the  temperature  of  the 
molten  materials,  and  cause  the  decomposition.  In  1866  aluminium 
cost  $250-750  (£50-150)  per  kilogram.  In  1883  the  whole  produc- 
tion was  about  40  kilos.  In  1913  the  United  States  alone  consumed 
35  million  kilos,  costing  about  50  cente  (2/-)  per  kilo. 

The  metal  melts  at  658.5°,  but  is  not  mobile  enough  to  make 
castings.  It  is  exceedingly  light  (sp,  gr.  2.6),  and  iB  tensile  strength 
excels  the  other  metals,  with  the  exception  of  iron  and  copper.  It  is 
malleable,  and  the  foil  is  taking  the  place  of  tin-foil  for  wrapping 
foods.  It  has  a  silvery  luster,  and  tarnishes  very  slightly,  the  tough, 
fa-mly  adhering  film  of  hydrated  oxide  first  formed  protecting  ita  sur- 
face. -  Although,  comparing  cross-sections,  it  is  not  so  good  a  conduc- 
tor of  electricity  as  is  copper,  yet  weighi  for  weight  it  conducts  better. 
It  is  difficult  to  work  on  the  lathe  or  to  polish,  because  it  sticks  to  the 
tools,  but  the  alloy  with  magnesium  (about  2  per  cent),  called 
»nagn«]ium,  has  admirable  qualities  in  these  respects.  Aluminium 
bronu  (5-12  per  cent  aluminium)  is  easily  fuMble,  has  a  magnificent 
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golden  luster,  and  possesses  mechanic^  and  chemical  reostance 
exceeding  that  of  any  other  bronze.  The  metal  and  its  alloys  are 
us«d  for  making  cameras,  opera-glasses,  cooking  utenmis,  and  other 
articles  requiring  lightness  and  strength,  such  as  air-ships,  automobile 
and  bicycle  parte,  and  brewii^  vats,  as  well  as  for  the  transmission  of 
electric  currents.  The  powdered  metal,  mixed  with  oil,  is  used  in 
making  a  alvery  paint. 

Chenucal  Properties.  —  The  metal  displaces  hydrogen  froqi 
hydrochloric  add  very  eaaly.  In  sulphuric  and  nitric  acid,  however, 
it  receives  a  coating  of  the  hydroxide,  formed  by  hydrolyas  of  the 
salt,  and  the  action  is  slow  in  the  former  case,  and  almost  nil  in 
the  latter.  It  displaces  hydrogen  also  from  boiling  solutions  of 
the  alkalies,  formii^  aluminates: 

2A1  +  6NaOH  ->  2Na«A10,  +  3H,. 

In  consequence  of  its  very  great  afSnity  for  oxygen,  aluminium 
displaces  from  their  oxides  alt  the  metals  below  magnesium  in  the 
E.-M.  series.  Thus,  when  a  mixture  of  aluminium  powder  and 
ferric  oxide  (thermit*)  is  placed  in  a  crucible  and  ignited  by  means 
of  a  piece  of  burning  magnesium  ribbon,  aluminium  oxide  and  iron 
are  formed: 

Fe,0,  -I-  2A]  -*  A1,0,  +  2Fe. 

The  very  high  temperature  (about  3000")  produced  by  the  action  is 
sufficient  to  melt  both  the  iron  (m.-p.  1530°)  and  the  oxide  of  alumin- 
ium (m.-p.  2050°).  The  products,  not  being  misoible,  separate  into 
two  layers.  This  very  «mple  method  of  making  pure  spedmens  of 
metals  like  chromium,  uranium,  and  manganese,  whose  oxides  are 
otherwise  hard  to  reduce,  is  cfjled  by  Goldschmidt,  the  inventor, 
aluminothaimy.  By  preheating  the  ends  of  steel  rails  with  a  gasoline 
torch,  firing  a  mass  of  thermite  in  a  crucible  above  the  joint,  and  allow- 
ing the  iron  to  flow  into  the  joint,  perfect  welds  are  made.  In  the 
same  way,  lai^  castings,  like  propeller  shafts,  when  broken,  can  be 
mended.  The  sulphides,  such  as  pyrite,  are  reduced  with  .equal 
vigor  by  aluminium. 

The  largest  part  of  the  aluminium  of  commerce  is  used  by  steel- 
makers. When  added  in  small  amount  ( <  1  :  1000)  to  aoolten  steel, 
it  combines  with  the  gases,  and  gives  sound  ingots  free  from  blow 
holes. 
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Aluminium  Chloride  AlCh-  —  If  the  metal  or  the  hydroxide 
is  treated  with  hydrocHoric  acid,  and  the  aolution  is  allowed  to  evap- 
orate, crystals  of  AlCU,6HjO  are  formed.  When  heated,  this  hydrate 
is  completely  hydrolyzed,  hydrochloric  acid  is  given  off,  and  only  the 
oxide  remains.  Tlie  aithydioui  chloride  is  much  used  as  a  catalytic 
agent  for  caufiing  combination  in  organic  chemistry.  It  is  made  by 
passing  dry  chlorine  over  aluminium. 

Aluminium  chloride  gives  a  vapor  pressure  of  760  mm.  at  183°, 
and  sublimes,  as  a  white  crystaUine  solid,  without  melting.  Under 
pressure,  it  melts  at  ld3°.  In  the  mode  of  preparation  described 
above,  it  is,  therefore,  vaporized,  and  condenses  in  a  cool  part  of  the 
tube.  It  fumes  when  exposed  to  moist  air,  on  account  of  the  hydro- 
gen chloride  produced  by  hydrolysis,  and  only  with  excess  of  hydro- 
chloric acid  does  it  gjve  a  clear  solution  free  from  basic  salts. 

Aluminium  Hydroxide  and  the  Aluminatea.  —  When  an 
allcaU  is  added  to  a  solution  of  a  salt  of  aluminium,  the  hydrozidB 
A1(0H)3  is  precipitated  in  gelatinous  fonn.  It  loses  water  gradually 
when  dried,  without. forming  any  intermediate  hydroxides  (p.  634), 
until  AljOj  alone  remains.  Natural  forms  of  this  substance  are 
hydraixyUite  A1(0H)»  (=  A1,08,3H,0),  bauxite  AliO(OH),  {=  AUG., 
2HtO),  which  always  contdns  ferric  oxide,  and  diaspore  AIO.OH 
(=  A1,0„H,0). 

Commercially,  the  hydroxide  is  made  by  heating  bauxite  with 
dry  sodium  carbonate,  or  with  concentrated  sodium  hydroxide  solu- 
tion at  150-170°.  The  ferric  oxide,  having  no  tendency  to  form  a 
carbonate  or  to  interact  with  a  base,  remains  unchanged.  The 
sodium  aluminate  which  is  formed  is  extracted  with  water: 

AliO(OH)4  +  NaaCOi  -^  2NaA10»  +  CO,  +  2H,0. 

The  hydroxide  is  then  precipitated  by  passing  carbon  dioxide  through 
the  solution: 

2NaA10j  +  COs  +  3H,0  ->■  Na,CO,  +  2A1(0H),. 

Aluminium   hydroxide,   being  amphoteric,   interacts  both  with 
acids  and  with  bases,  and  is,  therefore,  tike  zinc  hydroxide  (p.  771), 
ionieed  both  as  a  base  and  as  an  acid.     It  interacts  only  slightly   ' 
with  ammonium  hydnndde,  because  this  substance  is  too  feebly 
basic,  but,  from  the  solution  in  the  active  alkalies,  the  alumlnatM 
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Nai.A10i,  Na.A102,  and  K.AlOi  can  be  obtained  in  solid  fotm. 
The  aliuninates  are  largely  bydrolyzed  by  water: 

NaAlO,  +  2H,0  ^  NaOH  +  Al  (0H)». 

Hence  an  excess  of  sodium  hydroxide  is  required  for  the  complete 
solution  of  aluminium  hydroxide  by  the  reversal  of  this  action.  So- 
dium aluminate  is  used  as  a  mordant  in  dyeing  (see  below),  on  ac- 
count of  the  ease  with  which  the  solution  gives  up  aluminiuni 
hydroxide  when  any  material  is  present  which  can  adaorb  the  tree 
portion  of  the  hydroxide  and  ao  cause  forward  displacement  of  the 
above  equilibrium. 

When  calcium  chloride  is  added  to  a  solution  of  sodium  aluminate, 
the  insoluble  calcium  metaliunlnat*  is  deposited: 

2NaA10t  +  CaClt  -^  Ca{A10,),  +  2NaCl. 

The  relations  of  these  substances  are  shown  by  the  following  formuUe; 

Al-O-H    Al-O-Na    Al  ^  Al  ^^  Ca. 

^0-H         ^0-Na  0-H  0-Na  O^ 

Al> 
O 
A  number  of  insoluble  metaluminates  are  found  in  nature.  They 
crystallize  in  the  regular  system,  and  are  known  as  tplnoIlM.  They 
contain  bivalent  metals  in  place  of  the  calcium  in  the  last^iained 
compound.  Thus  we  have  spinelle  proper  Mg(A10,)i(,  and  gahnite 
Zn(A10s)i.  Corresponding  and  isomorphous  derivatives  of  chromic 
and  ferric  hydroxides  are  chromite  Fe(CrOi)j  and  magnetite  Fe 
(FeO,)j. 

Aluminium  Oxide  AUOt.  —  The  oxide  (kinmlna)  is  made  by 
beating  the  pure  hydroxide  made  from  bauxite  (see  above).  It  is 
found  in  nature  in  pure  form  as  corundum.  This  mineral  is  only 
one  d^ree  less  hard  than  the  diamond.  Emery  is  a  common  variety, 
contaminated  with  ferric  oxide,  and  was  widely  used  as  an  abraave 
until  largely  displaced  by  carborundum.  The  ruby  is  pure  altmiinium 
oxide  tinted  by  a  trace  of  a  compound  of  chromium,  while  the  sap- 
phire is  the  same  material  colored  with  aluminates  of  iron  and  tita- 
nium.   It  is  said,  however,  that  the  same  tint  is  conferred  upon 
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oolorlesa  corundum  by  exposure  to  the  influence  of  salte  of  radium. 
By  allowing  the  pulverized  oxides  to  be  carried  by  the  stream  of 
oxygen  of  an  oxy-hydrogen  blowinpe,  and  placii^  a  disc  in  the  flame 
to  catch  the  molten  particles,  "synthetic"  sapphires  and  rubies  are 
now  made  in  lai^e  quantities.  Alundum,  a  refractory  material  for 
onicibles,  is  made  by  beating  objects  made  of  the  oxide  in  the  electric 
furnace  until  a  snuill  proportion  of  the  material  is  melted.  The 
alumina  made  by  gently  beating  the  hydroxide  interacts  easily  with 
adds,  but  after  being  strongly  heated  it  resembles  natural  alumina 
in  being  very  slowly  affected  by  them.  Minerals  containing  insoluble 
compounds  of  aluminium  axe  attacked  when  heated  stroi^ly  with 
potassium  bisulphate  {cf.  p.  674),  the  sulphate  of  aluminium  being 
formed. 

Aluminium  Sulphate:    The  Alutna.  —  Aluminium  lulpbat* 

Ali(SO()i,lSHiO  is  prepared  by  treating  either  bauxite  or  pure  clay 
(kaolin)  with  sulphuric  acid.  In  the  latter  case  the  insoluble  resi- 
due of  silicic  acid  is  removed  by  filtration: 

H^j(SiO,),  +  3H,S0,  -» AliCSO,),  +  2H^0,  +  2H,0. 

The  solution  of  the  sulphate  is  acid  in  reaction.  It  crystallizes 
in  leaflets  which,  when  the  source  was  clay  or  bauxite,  have  a  yellow 
tinge  due  to  the  presence  of  iron  as  an  impurity.  The  salt  is  used 
as  a  source  of  precipitatod  aluminium  hydroxide  in  paper-making, 
water  purification,  and  dydi^. 

When  potassium  sulphate  solution  is  added  to  a  strong  solution 
of  aluminium  sulphate,  octahedral  crystals  of  potash  alum,  K1SO4, 
Ali(S04)3,24H]0  are  depoated.  This  is  a  double  salt,  and  is  one  of 
a  lat^e  number  known  as  the  alunu.  These  have  the  general  formula 
Mj'S04,Mi"'(SO<)i,24HsO,  and  may  be  made  as  above  by  using  a 
sulphate  of  a  univalent  metal  with  one  of  a  trivalent  metal.  Thus, 
for  M'  we  may  use  K,  NH4,  Rb,  Ca,  and  Tl',  and  for  M™,  Al, 
Fe'",  Cr"',  Ma'",  and  Tl"'.  We  may  evan  employ  selenates,  such 
as  KjSeOi-  All  of  the  resultii^  double  salts  ,are  isomorphous,  and 
a  crystal  of  one  will  continue  to  grow  in  a  solution  of  another, 
acquiring,  of  course,  an  outer  layer  of  different  composition,  but  of 
the  same  crystallographic  orientation. 

Potaa»ium-Aluminium  Sulphate  KiSOi,Alt(.SO,)t,24HiO.  — 
Ordinary  alum  is  made  from  aluminium  sulphate  obtuned  from 
clay  (see  above).     It  is  also  prepared  by  heating  aluoite,  a  basio 
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alum  found  near  Rome  and  in  Hungaiy,  and  extracting  the  product 
with  hot  water.  The  alunite,  having  the  composition  KAJ»(OH)( 
(SOOj,  leaves  an  insoluble  readue  of  the  hydroxide,  mixed  with  ferric 
oxide  which  is  present  as  an  impurity: 

2KAl,(OH)«(SO0i-»  K^04,A1,(SOO.  +  4Al(0H)j. 

The  saturated  solution  of  alum  contains,  at  10°,  9  parts  of  the 
anhydrous  salt  in  100  parts  of  water,  and  at  100°,  422  parts  in  100  of 
water.  The  hydrated  salt  melts  at  90°.  An  aqueous  solution  of  this 
salt  or  of  sodium  phosphate  (p.  559)  is  used  for  fire-proofing  draperies, 
because  the  crystals  deposited  in  the  fabric  melt  easily,  and  the  fused 
material  protects  the  fibers  from  access  of  oxygen.  When  heated 
more  strongly  alum  loses  its  wat«r  of  hydration,  together  with 
some  sulphur  trioxide,  and  leaves  a  slightly  basic,  anhydrous  salt 
known  as  burnt  alum.  A  solution  of  alum  dissolves  a  con^derable 
amount  of  aluminium  hydroxide,  giving  "neutral  alum,"  a  basic  salt 
K2S04,AU(0H).{SO4)s  used  as  a  mordant  (see  p.  820).  The  substance 
is  usually  prepared  by  adding  sodium  carbonate  to  the  solution  of 
alum  as  loi^  as  the  aluminium  hydroxide,  formed  locally,  continues 
to  redissolve.  Potash-alum  and  ammonium-alum  are  more  easily 
freed  from  impurities  {e.g.,  compounds  of  iron)  by  recrystallization 
than  is  aluminium  sulphate,  and  the  alums  are  therefore  used  instead 
of  the  latter  in  medicine,  in  dyeing  delicate  shades,  and  to  replace 
cream  of  tartar  in  baking  powder  (p.  689).  In  the  last  case,  the 
reaction 

KjS04,AI,(SOi)„24HsO  -I-  ONaHCO,  -» 
K^O.  +  3Na^0*  +  2A1(0H),  +  6C0,  -|-  24HiO 

liberates  carbon  dioxide  by  hydrolysis  of  the  aluminium  carbonate. 

Hydrolysis  of  Aluminium  Carbonate.  —  The  foregoing  ac- 
tion, and  others  discussed  above  (p.~g0S),  show  that  the  carbonate  is 
completely  hydrolyzed: 

Ali(CO,)a  +  6H,Oi=i2AlCOH),  i  +3HsCO,-»3HiO  +  3C0,  T- 

It  will  be  seen  that  this  may  be  due  only  in  part  to  the  feebly  bade 
qualities  of  the  hydroxide.  If  the  hydroxide  were  not  precapitated, 
it  would  cause  some  reversal  of  the  action,  and  some  of  the  car- 
bonate would  remain.  The  insolubibty  of  one  product  explains 
also  other  cases  of  the  complete  hydroly^  of  salts  {e.g., 
ffllicate,  p.  64S,  and  next  section). 
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Aluminium  Sutphide  AkSz,  —  This  compound  is  most  easily 
obtained  by  mixing  pyrite  with  aluminium  powder  and  igniting  with 
magnesium  ribbon  (p.  653>:  SFeSj  +  4A1  ->  2A1A  +  3Fe.  It  forma 
a  grayish-black  solid,  and  is  hydrolyzed  by  water  as  is  magnesium 
sulphide,  giving  the  hydroxide  and  hydrogen  sulphide.  On  this 
account,  the  sulphide,  like  magnesium  sulphide  (p.  767),  cannot  be 
formed  by  precipitation  in  presence  of  water.  Thus,  ammonium 
sulphide  with  a  salt  of  aluminium,  in  solution,  gives  a  precipitate 
of  aluminium  hydroxide: 

MCSO*),  +  3(NH0sS  +  6H,0  -» 2A1(0H)3  i  +  3(NH0iSO4  +  3H,S. 

Aluminium  Acetate.  —  This  salt  is  used  by  dyers,  because, 
being  a  salt  of  a  weak  base  and  a  weak  acid,  it  is  much  hydrolyzed  by 
water,  especially  at  100°.  In  mordantii^,  it  thus  gives  aluminium 
hydroxide  very  easily.  It  is  made  by  treating  lead  or  barium  acetate 
with  aluminium  sulphate,  and  filtering  and  crystallizing  the  solution: 

AlifSOO.  +  3Ba(CO,CHa)iF±3BaSO,  j  +  2A1(C0:CH,),. 

Coagulation  Method  of  Purifying  Water:  Siaing  Paper,  — 

When  aluminium  hydroxide  is  formed,  it  gives  first  a  colloidal  sus- 
penMon,  which  coE^ulatea  to  a  gelatinous  precipitate.  When  this 
precipitate  is  produced  in  water  used  for  domestic  purpoees,  and 
cont^ning  fine,  suspended  matter,  the  gelatinous  material  causes 
the  fine  particles  to  collect  into  larger  ones  which  settle  rapidly, 
and  permits  the  use  of  relatively  small  settling  ponds.  These 
larger  particles  enclose  also  practicaUysall  the  bacteria.  If  the 
water  is  shgbtly  hard,  crude  aluminium  sult^te,  alone,  is  ^ised: 

3Ca(HC0,)»  +  A1,(SOO»  -*  3CaS04  +  2AKHC0,)i  (1) 

A1(HC0,),  +  3HjO  -*  A1(0H),  I  +  3H,C0,  (2) 

If  the  water  is  very  soft,  a  little  lime  Ca(OH)j  is  added.  The  few 
remaining  organisms  (particularly  colon  bacilli,  p.  142)  are  destroyed 
by  later  addition  of  bleaching  powder  or  of  chlorine-water  (p.  226). 

In  some  localities  crude  ferrous  sulphate,  obtained  as  a  by-product 
in  cleaning  iron,  is  cheaper,  and  is  employed  instead.  The  Ume 
precipitates  ferrous  hydroxide  Fe{OH)j.  This  is  quickly  oxidized 
to  colloidal  ferric  hydroxide  Fe(OH)s,  which  coagulates  the  suspended 
matter. 

Aluminium  hydroxide  is  employed  also  in  aUtat  cheaper  grades 
of  paper  (p.  603),  an  operation  required  to  prevent  the  absorption 
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and  consequent  spreading  of  the  ink.  For  writing-paper,  g^tioe 
solution  is  employed.  In  making  printing-papers,  tvan  soap  (made 
by  dissolving  rosin  in  caustic  soda)  is  mixed  with  the  paper-pulp, 
and  aluminium  sulphate  is  added.  The  roan  imd  alumioium  hydrox> 
ide  are  precipitated  in  the  pulp,  and  pres^g  between  hot  rolleis 
afterwards  melts  the  former  and  gives  a  surface  to  the  paper. 

Delicate  cloth  goods  are  rendered  waterproof  by  saturating  them 
with  aluminium  acetate  solution  and  then  steaming  them  to  pronaote 
hydrolysis.  The  aluminium  hydroxide  is  thus  precipitated  in  the 
capillaries  of  the  cotton  or  linen  and  renders  them  non-absorbent:  - 

Al(COiCH,),  +  3H»0  ^  A1(0H),  +  3HC0»CH,. 

Kaolin  ond  Clay:    Earthenuxtre  and  Porcelain.  —  By  the 

action  of  water  and  carbon  dioxide  upon  granite,  and  other  rocks 
containing  felspar  KAJSiaOg,  the  potash  is  slowly  removed,  and 
the  compound  is  changed  largely  into  a  hydrated  ortho^cate 
HtAli{SiOj)j,HiO.  When  pure,  it  forma  kuflln  or  china  clay,  a 
white,  crumbly  material.  When  washed  away  and  redeposited,  it 
usually  acquires  compounds  of  iron,  the  carbonates  of  calcium  and 
-  magnesium,  and  sand  (silica),  becomii^  common  clay.  Ocher, 
umber,  and  «enna  are  clays  colored  with  oxides  of  iron  and  man- 
ganese.    Fuller's  earth  is  a  purer  variety. 

The  plasticity  of  clay,  a  property  connected  with  the  colloidal 
nature  of  the  kaolin,  enables  it  to  be  fashioned  into  various  shapes. 
When  heated,  it  shrinks  and  becomes  a  hard,  solid,  porous  mass, 
and  does  not  melt.  These  two  properties  enable  us  to  use  it  in 
making  bricks,  pottery,  and  porcelain.  The  presence  of  calcium  and 
magne^um  compounds  makes  the  clay  more  fuable,  because  it 
permits  the  formation  of  fusible  ^licates  of  these  metals.  Bricks 
and  tiling  for  roofs  and  drains  are  made  of  common  clay  and,  when 
red,  owe  their  color  to  oxide  of  iron  Fe»0(.  The  firing  is  done  with 
fuel  gas  in  ovens  or  kilns  of  brickwork.  The  efflorescence  which  often 
appears  on  the  surface  of  the  bricks  ("niter")  is  generally  due  to 
sodium  sulphate  or  sodium  chloride  present  originally  in  the  clay. 
To  glaze  drain  pipes  and  some  bricks,  salt  is  thrown  into  the  kiln. 
The  water  vapor,  at  a  red  heat,  hydrolyzes  the  vapor  of  the  salt, 
hydrogen  chloride  is  set  free,  and  the  sodium  hydroxide  gives  with 
the  clay  a  fumble  sodium-aluminium  dlicate  which  fills  the  surface 
pores.  Clay  for  fire  brick  (infusible)  must  contfun  silica,  but  no 
lime. 

DolizodbyGoOgle 


ALUMINIUM  AND  METALLIC  ELEMENTS  817 

Chin*  and  ponwUln  are  made  from  pure  clay,  free  from  iron, 
to  which  a  little  of  the  more  fuMble  felspar  is  added.  After  the 
first  firing,  the  articles  are  porous  (bisque),  and  must  be  covered 
with  a  glaie  to  make  them  water-tight.  A  paste  of  finely  ground 
felspar  and  silica,  sometimes  contuning  lead  oxide,  is  spread  on  the 
surface,  and  the  articles  are  fired  f^ajn,  at  a  higher  temperature. 
The  felspar  melts  and  fills  the  pores,  so  tHat  a  continuous,  semi- 
transparent  material  results.  Colored  decorations  are  added  by 
means  of  suitable  materials,  mainly  oxides  of  metals  which  give 
colored  ^licates.  The  third  firing  causes  these  oxides  to  interact 
and  fuse  with  the  glaze.  Porcelain,,  if  made  with  sufficient  clay,  is 
very  infudble.  It  is  attacked  by  aqueous  ojid  by  fused  alkalies, 
however,  giving  soluble  silicates. 

The  Schwerin  process  for  separating  ferric  oxide  FeaOj  from 
clay,  so  that  white  porcelain  may  be  obtained,  is  now  used  on  a 
large  scale  and  affords  an  interestii^  application  of  the  properties 
of  colloidal  suspenfdone  (p.  622).  When  the  impure  clay  is  sus- 
pended in  water,  the  particles  of  ferric  oxide  are  positively  charged 
and  those  of  the  clay  are  negative.  By  inserting  plates  connected 
with  the  dynamo  in  the  trough,  the  clay  particles  are  caused  to 
drift  towards  the  positive  plate  and  the  ferric  oxide  towards  the 
other,  so  that,  when  the  liquid  from  the  positive  end  is  allowed  to 
settle,  pure  clay  is  obtained. 

In  makii^  bricks,  in  some  cases,  advantage  is  taken  of  the  fact 
that  negative  colloids,  such  as  clay,  become  more  strongly  negative 
in  presence  of  a  trace  of  free  alkali.  Thus,  when  a  trace  of  sodium 
hydroxide  is  added  to  clay  slip,  the  particles  repel  one  another  more 
strongly,  the  cohesion  which  causes  the  plasticity  is  reduced,  and 
the  clay  can  be  poured  into  molds.  This  avoids  diluting  the  clay 
with  water,  which  would  only  have  to  be  driven  out  again,  with 
great  waste  of  heat,  in  the  firing. 

Cement.  —  Cement  is  made  by  heating  limestone  CaCOj,  and 
clay  HAlSiOt,  or  a  natural  rock  containing  both  materials  in 
the  right  proportions.  Such  a  ronk,  made  into  cement  by  volcaniS 
heat,  was  quarried  by  the  Romans  near  Naples  and  elsewhere,  and 
its  capacity  for  hardening  even  under  water  was  utilized  by  them. 
Blast-furnace  slag,  when  pulverized  and  heated  with  limestone,  has 
been  found  to  yield  an  excellent  quality  of  cement,  and  a  valuable 
use  has  thus  been  found  for  what  was  formerly  an  annoying  i>ncum> 
brance.     The  mixture,  or  the  pulverized  natiiral  rock,  is  moistened 
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and  fed  slowly  in  at  the  upper  end  of  an  inclined  (6°)  revolving 
cylinder  of  iron  (20  to  45  by  2  meters).  The  motion  continually 
tuma  over  the  thin  layer,  and  exposee  every  particle  to  the  heat  of 
the  air-blast,  chained  with  pulverized  coal,  burning  in  the  interior. 
The  product  shdes  out  in  a  continuous  stream  at  the  lower  end,  and  is 
pulverized  by  steel  balls  in  a  ball  mill. 

Cement  is  held  to  be  a  mixture  of  calcium  silicate  and  caldum 
aluminate.  The  former  is  simply  a  filler.  The  latter  is  hydndyzed 
by  the  water: 

Ca,(A]0,),  +  6H,0  ->  3Ca(0H),  +  2H^10,. 

The  calcium  hydroxide  slowly  crystallizes,  connecting  the  particles 
of  the  calcium  silicate.  The  aluminium  hydroxide  fills  the  inter- 
stices and  renders  the  whole  compact'  and  impervious. 

Vltramarine.  —  Formerly,  pulverized  lapia  hmiH,  a  rare  min- 
eral of  beautiful  blue  color,  was  used  by  artists  as  a  pigment.  Gmelin 
(1828)  found  a  way  of  making  it  artificially.  A  mixture  of  kaolin, 
sodium  carbonate,  sulphur,  and  charcoal  is  heated  until  a  green  mass 
is  obtained.  The  mass  is  then  pulverized  and  heated  with  more 
sulphur.  Its  composition  is  approximately  4NaAlSiOi,NaiSj.  The 
product  is  used  as  laundry  blueing,  in  making  blue-tinted  paper,  and 
with  oil  in  making  paint.  It  is  also  added  in  small  amount  to  correct 
the  natural  yellow  tint  of  linen,  starch,  sugar  (p.  606),  and  paper-stock. 
By  varying  the  mode  of  heating,  without  altering  the  composition, 
various  colors  from  green  to  reddish  violet  can  be  obtained.  No 
pure  colored  substance  can  be  extracted  from  it.  The  variety  of 
colors  is  due  to  different  degrees  of  colloidal  dispersion  of  some  sub- 
stance suspended  in  the  solid,  just 
aa  gold,  which  is  pale  yellow  in 
mass,  gives  colloidal  suspension  (p. 
621)  of  different  colors  (red,  purple, 
or  blue)  according  to  the  fineness 
of  the  particles  {cf.  p.  750). 
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Dyeing. — The  problem  of  the 
dyer  is  to  confer  the  desired  color 
upon  a  fabric  made,  usually,  of  cot- 
ton, linen,  wool,  or  silk,  and  to  do 
thb  in  such  a  way  that  the  dye  is  fast  to  (i.e.,  is  not  removed  or 
destroyed  by)  rubbing  and  light,  and  often,  also,  to  washing  with 
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soap.  To  understand  the  means  by  which  this  is  achieved,  it  must 
be  noted  that  cotton  and  linen  consist  of  smooth  hollow  fibers  (Fig. 
158/1)  of  the  composition  of  cellulose  (C»HioOs),.  Wool  is  made 
of  hollow  fibers,  with  a  scaly  surface  (£)  and  silk  (Ci&HnNtO«)i.of 
solid  filaments,  but  both  are  composed  of  proteins  (p.  628).  Now, 
the  proteins  are  much  more  active  chemically  than  is  cellulose,  and 
also,  as  colloidal  materials,  seem  to  have  a  much  greater  tendency 
to  adsorb  other  substances  than  has  cellulose.  Hence,  accidental 
stuns  on  wool  or  glk  are  much  less  often  removable  than  are  those 
on  cotton,  and  whea  samples  of  the  three  materials  are  dipped  in  a 
solution  of  a  dye,  the  first  two  are  permanently  dyed,  while  from  the 
last  most  dyes  can  be  completely  washed  out  with  water. 

Three  modes  of  dyeing  may  be  mentioned: 

1.  Insolttbln  DfM.  If  the  colored  body  can  be  produced  by 
precipitation,  after  the '  solution  has  fiUed  the  capillary  and  wall 
of  every  fiber  of  the  goods,  then,  if  the  dye  is  sufficiently  insoluble, 
it  is  mechanically  imprisoned  in  every  fiber  and  cannot  be  washed 
out.  This  plan  may  be  applied  to  any  kind  of  goods.  For  example, 
if  cotton,  silk,  or  wool  is  first  boiled  in  a  solution  of  lead  acetate, 
and  is  then  soaked  in  a  boiling  sdution  of  potasaum  chromate, 
it  is  dyed  a  brilliant,  permanent  yellow.  Lead  chromate  is  the  col- 
oredbody: 

Pb(CO,CH,),  +  KjCrO*  fc?  2K(C0,CH»)  +  PbCrO,  i . 

The  part  precipitated  on  the  outside  of  the  goods  can  be,  and  is, 
at  once  washed  off  by  rubbing  in  water,  but  the  particles  inside  the 
fibers  can  corae  out  only  by  being  dissolved,  and  they  are  insoluble 
in  watet.  Indite  CitHioNiOi,  which  is  used  in  larger  amounts  than 
any  other  dye,  belongs  to  this  class.  Obtained  in  early  times  from 
several  points  in  Europe  and  Egypt,  where  it  was  known  as  woad, 
and  more  recently  imported  from  India,  where  the  cultivation  of 
the  indigo  plant  was  as  important  an  industry  as  is  the  growing 
of  cotton  in  the  Southern  States,  it  is  now  almost  all  made  artificially. 
Synthetic  indigo  has  been  manufactured  since  1907,  with  naphtha- 
lene CioHa  (p.  613),  obtained  from  gas  tar  and  the  tar  from  by-product 
coke  ovens,  as  the  initial  substance.  The  cloth  is  saturated  with 
an  alkaline  solution  of  indigo  white  diHuNiOi  (c/.  p.  444),  a  soluble, 
slightly  acid  substance,  and  the  oxygen  of  the  air  subsequently  oxi- 
dises this  and  deposits  the  insoluble  indigo  blue  within  the  fibers: 

2C»Hi,NA  +  Oi  -*  2CrtHioN,Oji  +  2H,0. 
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Indanthrene  blue  is  applied  in  the  same  way  aa  indigo,  and  is  even 
less  affected  by  light. 

2.  Morduit  or  AdjAotlra  Vym.  Since  cotton  is  inactive  chemi- 
cally and,  although  a  colloid,  has  but  a  slight  tendency  to  adsorb 
dyes,  it  is  usually  necessary  first  to  introduce  into  the  fibers  of  cot- 
ton some  colloidal  substance  with  greater  adsorptive  powers.  Sub- 
stances of  this  kind  are  tannic  acid  for  basic  dyes,  and  gelatinous 
colloidal  hydroxides,  such  as  those  of  aluminium,  tin,  iron,  and 
chromium,  for  non-basic  (including  acid)  dyes.  They  are  called 
mordsnti  (Lat.  mordere,  to  bite).  Thus,  if  in  three  jars  we  place 
very  dilute  solutions  of  aluminium  sulphate,  ferric  diloride  FeCli 
and  chromous  acetate  Cr(COiCH))i,  then  add  a  few  drops  of  a 
solution  of  a  dye  to  each,  and  finally  introduce  a  little  of  a  baae 
(like  sodium  hydroxide)  to  precipitate  the  hydroxide  of  the  metal, 
this  hydroxide  will  adsorb  the  dye  and  carry  it  into  the  precipitate. 
Such  a  precipitate  of  mordant  and  dye  is  called  a  lak«  (Fr.  lague,  lac). 
With  the  same  dye,  the  three  lakes  have  different  colors.  Thus,  in 
the  above  mentioned  experiment,  if  aUjurln  CitHgOi  (madder),  aa 
orange-yellow,  slightly  soluble  acid,  is  used  as  the  dye,  the  oolors 
are  red  (Turkey  red),  violet,  and  maroon,  respectively.  This,  of 
course,  is  due  to  the  different  degrees  of  dispersion  in  the  three 
colloidal  materials.  If  aluminium  hydroxide  is  to  be  used,  by  first 
saturating  the  cloth  with  hot  aluminium  acetate  solution  (p.  815), 
or  by  using  first  aluminium  sulphate  and  then  ammonium  hydroxide, 
the  aluminium  hydroxide  is  precipitated  within  the  fibers  of  the  goods. 
When  the  material  is  then  dyed,  the  coloring  matter  is  adsorbed  by 
the  mordant,  with  which  it  forms  an  insoluble  lake,  within  the 
fibers.  CocblnMl,  obtained  from  wingless,  female  insects  found 
on  the  variety  of  cactus  bearing  this  name,  contains  carminic  acid 
CiiHiaOr,  and  gives  a  red  lake  with  aluminium  hydroxide,  Ba^c 
dyes,  like  Malachite  green  and  Methylene  blue,  behave  ^milarly 
with  tannic  acid,  or  an  insoluble  salt  of  tannic  acid,  as  mordant. 
Tt  will  be  seen  that,  so  far  as  the  fabric  is  concerned,  this  process, 
hke  the  first,  is  a  mechanical  one,  and  is  independent  of  the  chemical 
nature  of  the  goods. 

3.  Dlnct  or  Saturtantin  Dyes.  Most  organic  dyes  are  direct 
dyes  on  silk  or  wool,  and  require  no  mordant  with  these  materials. 
The  actions  seem  to  be  sometimes  chemical,  but  more  often  cases 
of  adsorption  by  the  silk  or  wool  (both  colloids)  themselves.  A 
few  dyes  are  also  fast  on  cotton,  Cvngo-nA  NsiCaHnNtSiOa  is 
fast  both  on  cotton  and  wool,  but  is  no  longer  much  used.    Chiy- 
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jopbenin  is  now  one  of  the  commoDest  dyes  of  this  class.  These 
dyes,  which  are  sodium  salts  of  complex  organic  acids,  are  col- 
loids like  soap  (p.  623)  and  are  salted  out  within  the  fibers  of  the 
goods  by  adding  sodium  sulphate  to  coagulate  them  aud  assist  the 
adsorption  by  the  cotton.  Once  adsorbed  in  this  way,  unHke  soap, 
they  cannot  be  washed  out. 

Analytical   Reactions   of  Aluminium   Contpounda.  —  The 

alkahes,  and  alkaline  solutions  like  that  of  ammonium  sulphide, 
precipitate  the  whit«  hydroxide  (p.  815).  The  product  is  soluble  in 
excess  of  the  active  alkalies.  Soluble  carbonates  also  throw  down 
the  hydroxide.  Alimiinium  compounds,  when  heated  strongly  in 
the  flame  with  cobalt  salts,  give  a  blue  aluminate  of  cobalt  Co(A10g):, 
Thenard's  blue. 

Exercises, —  1.  What  are  the  differences  between  zinc  and  alu- 
minium, and  their  corresponding  compounds? 

2.  Construct  equations  showing,  (a)  the  hydrolysis  of  aluminium 
sulphate  {p.  813),  (b)  the  interaction  of  aluminium  sulphate  and 
cc^?Jt  nitrate  in  the  Bunsen  flame. 

3.  Formulate  the  ionization  of  aluminium  hydroxide  (pp.  771, 
811). 

4.  Why  does  zinc  hydroxide,  in  spite  of  its  feebleness  as  a  base, 
dissolve  in  ammonium  hydroxide,  while  aluminium  hydroxide  does 
not? 
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CHAPTER  XL 

C»BMUfZDH,  TIN,  LBAD. 

The  elements  oq  the  right  side  of  the  fifth  column  of  the  periodic 
table,  a^de  from  carbon  and  ralicon,  are  gamuuiiuiu  (Ge,  at.  wt. 
72.5),  tin  {Sn,  at.  wt.  118.7),  and  lead  (Pb,  at.  wt.  207.2).  TiUnlum 
(Ti,  at.  wt.  48.1),  zirconium  (Zr,  at.  wt.  90.6),  cerium  (Ce,  at.  wt. 
140.25),  and  thorium  (Th,  at.  wt.  232.4)  occupy  the  left  side. 

The  Chemical  Relationa  of  th«  Family,  —  AH  of  these  ele- 
ments show  a  maximum  valence  of  four.  Germanium,  tin,  and  lead 
are  also  bivalent.  In  this  respect  they  resemble  carbon  and  differ 
from  siUcon,  which  is  more  closely  allied  to  the  elements  on  the  left 
side  of  the  column.  The  oxides  and  hydroxides  in  which  these  three 
elements  are  bivalent  become  more  basic,  and  the  elements  themselves 
more  metallic  in  chemical  relations,  with  increase  in  atomic  weight. 
In  this  they  resemble  the  potassium  and  calcium  families.  Curiously 
enoi^h,  the  same  three  hydroxides  are  also  acidic.  They  are  more 
strongly  acidic  than  is  zinc  hydroxide,  for  the  salts  they  fonn  by 
interaction  with  bases  are  less  hydrolyzed  than  are  the  zincates. 
This  acidic  character  likewise  increases  in  the  order  in  which  the  ele- 
ments are  named  above. 

Geruanittu  Gb 

Qarmanlum  (qf.  p.  465)  may  be  described  as  a  transition  element 
between  carbon  and  tin.  It  forms  two  oxides  GeO  and  GeOj  corre- 
sponding to  those  of  carbon  and  of  tin.  Osnnanioui  tnide  is  not  very 
definit«ly  baMc  or  acidic,  and  the  sulphide  is  the  only  other  well- 
defined  compound  of  this  set.  Qvmuuiic  oxids  and  hydroxide  are 
aci^c  entirely.  The  resemblance  to  carbon  is  shown  in  the  forma- 
tion of  am  imstable  compound  with  hydrogen,  and  of  Kemumium 
dUwofcffm  GeHCU.  Like  carbon,  tin,  and  silicon,  germanium  gives 
a  vQlatile  cblorido  GeCI*  (b.-p.  87°).  Like  tin  and  gold  (p.  760), 
it  forms  oomplax  sulphides  derived  from  germanic  sulphide,  such 
as  KiGeS*.  The  element  was  discovered  (in  1886)  in  argyrodite,  a 
complex  sulphide  4AgiS,GeSi. 


DolizodbyGoOgle 


OERMANITJM,  TIN,  LEAD  828 

Tin  Sn 

The  Chemical  Relations  cf  the  Element.  —  Tin  is  both  biva- 
lent and  quadrivalent.  Each  of  the  hydroxides,  Sn(OH)i  and 
SnO(OH)t  (or  Sn(OH]i),  la  both  ba^c  and  acidic,  so  that  there  are 
really  four  series  of  compounds.  Still,  stannoua  hydroxide  is  mainly 
oabaae,  of  a  feeble  sort,  while  stannic  hydroxide  is  mainly  an  add. 
Thus  we  have  stannous  chloride,  sulphate,  and  nitrate,  which  are 
stable,  although  they  are  all  more  or  less  hydrolyzed  by  water,  and 
sodium  stannite  Noi.SnOi  which  is  unstable.  On  the  other  hand, 
stannic  nitrate,  sulphate,  and  chloride  are  completely  hydrolyzed 
by  water,  while  sodium  stannate  NajSnOa  is  comparatively  stable. 
The  dioxide  SnOi  is  an  infusible  solid,  and  resembles,  therefore, 
silicon  dioxide.  Hn  has  a  tendency  to  give  complex  acids  and 
salts,  hke  HjSnCU,  (NH4),.SnCU,  H,SnI.,  K^nF.,  but  these  are 
ionized  also  to  a  small  extent  after  the  manner  of  double  salts,  giving 
ions  of  Sn***^.  Tin  forms  no  compounds  with  hydrt^n  and  no 
salts  with  weEkk  acids,  like  carbonic  acid. 

Occurrence  and  Extraction.  —  Tin  has  long  been  in  use, 
specimens  of  it  being  found  ifl  Egyptian  tombs.  The  chief  ore  of 
tin  is  tin-stone,  or  cassiterite  SnOi,  which  consists  of  square  prismatic 
crystals  whose  dark  color  is  due  to  the  presence  of  iron  compounds. 
The  ore  is  roughly  pulverized  and  washed,  to  remove  granite  or  slate 
with  which  it  is  mixed,  and  is  then  roasted,  to  oxidize  the  sulphides 
of  iron  and  copper,  and  drive  off  the  arsenic  which  it  cont^ns.  After 
renewed  washing  to  eliminate  sulphate  of  copper  and  oxide  of  iron, 
it  is  reduced  with  coal  in  a  reverberatory  furnace.  The  tin  is  after- 
wards remelted  at  a,  gentle  heat,  and  the  pure  metal  flows  away  from 
compounds  of  iron  and  arsenic.  The  production  (1914)  was:  Struts 
Settlements  70,000  short  tons,  Bolivia  21,000,  Banka  10,400,  Cornwall 
6720,  Nigeria  (alluvial)  5600 

PhywMl  and  Chemical  Properties,  —  Tin  is  a  alver-white, 
crystaUine  metal  of  low  tenacity  but  great  malleabiUty  (tinfoil).  Its 
density  is  7.3,  and  its  melting-point  about  232°.  'Kn  is  dimorphous 
(p.  412).  In  1851,  the  tin  pipes  of  an  organ  were  found  to  have 
turned  largely  into  a  gray  powder.  In  1868  a  shipment  of  blocks 
of  tin  stored  in  the  custom  house  in  Petrograd  was  found  to  have  - 
changed  in  the  same  way.  Objects  of  tin  in  museums  frequently 
show  spots  indicating  the  presence  of  the  "tin  pest,"  as  it  was  called. 
It  now  appears  that  white,  metallic  tin  is  stable  only  above  18°,  and 
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that  below  this  temperature  it  is  unstable  and  is  liable  to  change 
into  gray  tin  of  lower  density  (5.S5).  This  transition  point  is  sinular 
to  that  of  sulphur  at  96°  (p.  412).  By  immersing  the  tin  in  a  solution 
of  pink-salt  (see  below),  the  change  is  hastened  When  the  two  kinds 
of  tin  are  used  as  the  poles  of  a  cell,  and  are  surrounded  by  pink-salt 
solution,  no  difference  in  potential  is  observed  at  18°.  But  below 
18°,  white  tin,  being  unstable,  is  more  active  and  becomes  negative 
(giving  positive  ions),  while  above  18°,  gray  tin  becomes  negative. 

Tin-plate  (c/.  p.  800)  is  made  by  dipping  carefully  cleaned  sheets 
of  mild  steel  into  molten  tin.  Vessels  of  copper  are  also  coated, 
internally,  with  tin,  to  prevent  the  fonnation  of  the  basic  carbonate 
(p.  738).  For  this  purpose  they  are  cleaned  with  ammonium  chlo- 
ride, sprinkled  with  rosin  (to  reduce  the  oxide),  and  heated  to  230". 
Molten  tin  is  then  spread  on  the  surface  with  a  piece  of  tow.  Com- 
mon pins  are  made  of  brass  wire,  and  are  coated  with  tin  by  being 
shaken  in  a  solution  containing  a  salt  of  this  metal.  The  zinc  in  the 
alloy  displaces  some' of  the  tin,  and  this  is  deposited  on  the  surface  of 
the  brass.  Alloys  of  tin,  such  as  bronze  (p.  738),  soft  solder  (50  per 
cent  lead),  pewter  (25  per  cent  lead),  and  britannia  .metal  (10  per 
cent  antimony  and  some  copper),  are  much  used  in  the  arts.  On 
account  of  the  action  of  soft  water  containing  dissolved  oj^gen  on 
lead  (seo  p.  830),  tin  pipes  are  preferred  for  distributing  distilled 
water  and  for  beer  pumps.  ' 

Much  tin  is  now  recovered  by  treating  old  "tin  cans"  and  scrap 
tin-plate  with  dry  chlorine.  The  dried  gas  converts  the  tin  into 
stannic  chloride  SnCU,  which  is  used  to  make  mordants,  but  hardly 
attacks  the  iron  (p.  222).     The  process  is  called  detiniilnc. 

Tin,  although  it  displaces  hydrogen  from  dilute  acids,  is  not  tar- 
nished by  moist  air.  With  warm  hydrochloric  acid  it  pves  stannous 
chloride  SnCli  and  hydrogen.  Hot,  concentrated  sulphuric  acid 
forms  stamious  sulphate  SnSO*  and  sulphur  dioxide.  Nitric  add, 
when  cold  and  very  dilute,  interacts  with  it,  giving  stannous  nitrate, 
and  a  portion  of  the  nitric  acid  is  reduced  to  ammonia  {cf.  p.  534) : 

4Sn  -i-  lOHNO,  -*  4Sn(N0,),  +  3H,0  +  NH4Na. 

With  concentrated  nitric  acid,  stannic  nitrate  is  formed,  but  most  of 
this  salt  is  hydrolyzed  by  the  water  at  the  high  temperature  of  the 
action  (c/.  p.  648),  and  metastamiic  acid  (HtSnOg)^  OS-stannic  acid) 
remains.  The  final  result  is  therefore  shown  by  the  equation  (aim- 
pUfied) : 

8n  -f-  4HN0,  -*  H^nO,  -|-  4N0j  -I-  H,0. 

_     Cooglf 
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The  white,  insoluble  product  coatinues  to  give  nitric  acid  during  pro- 
longed washing,  and  seems  therefore  to  cont^n  some  basic  nitrate. 
'Ha  also  displaces  hydrogen  from  caustic  alkaliee,  giving  metastan- 
nates,  such  as  sodium  metastannate  NaaSnOi. 

StannoiM  C3iloride  SnClnZHiO'  —  This  salt  is  made  by  the 
interaction  of  tin  and  hydrochloric  acid.  When  the  colorless  crystals 
are  heated,  or  when  a  strong  aqueous  solution  is  diluted,  the  salt  is 
partially  hydrolyzed.  In  the  latter  case  the  basic  chloride  ^n(OH)CI 
is  deposited.  By  presence  of  excess  of  hydrochloric  acid,  the  hydrol- 
ysis is  prevented.     The  solution  is  used  as  a  mordant  (p.  820), 

Stannous  chloride  tends  to  pass  into  stannic  chloride  SnCU,  and  is 
therefore  an  active  reducing  agent.  Thus,  it  reduces  the  chlorides  of 
mercury  (p.  778)  and  of  the  noble  metals,  liberating  the  free  metals. 
The  action  is  of  the  form  Hgt+  +  Sn++  -» Hg  +  Sn++++.  Stannous 
chloride  reduces  cupric  and  ferric  chlorides  to  the  cuprous  and  ferrous 
conditions  in  like  manner: 

2PeCI,-|-SnCli-*2FeCU+SnCU,  or  2Fe++++Sn++-»2Fe+++Sn-H~H-. 

When  stannous  chloride  solution  is  added  to  a  solution  of  sodium 
chloraurate  Na.AuCl4,  the  former  reduces  the  latter,  and  metallic 
gold  is  liberated.     The  staimic  chloride  which  is  formed: 

2Na.AuCU  +  3SnCU  -»  2NaCl  +  2Aui  +  SSnCU, 

is  hydrolyzed  by  the  water  (see  below),  and  the  colloidal  stannic  acid 
is  precipitated,  with  colloidal  gold  finely  dispersed  upon  it.  The 
strongly  colored  precipitate  is  called  purple  of  Caasliu,  and  is  obtained 
with  different  tints,  often  red,  according  to  the  d^ree  of  dispereion. 
It  is  used  for  gilding  porcelain. 

Stannous  chloride  also  reduces  free  oxygen,  or,  what  is  the  same 
thing,  is  oxidized  by  the  Eur.  In  this  case,  stannic  chloride  is  formed 
in  an  acidified  solution  and  the  liquid  remains  clear;  in  the  neutral 
solution  a  precipitate  of  the  basic  chloride  is  formed  as  well: 

eSnClj  +  2H,0  -HO,-*  4Sn{0H)Cl  +  2SnCU. 

Powdered  tin,  if  placed  in  the  bottle  along  with  the  acid  solution,  will 
'indo  the  effects  of  this  action  by  seducing  the  stannic  salt  to  the 
stannous  condition  once  more.  ' 

Stannic  Chloride  SnClt. — -.When  chlorine  acts  upon  tin,  or 
upon  stannous  chloride  (either  sohd  or  dissolved),  stannic  chloride  ia 
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formed.  The  compound  is  a  colorless  liquid  (b.>p.  114°)  which  fumes 
very  strongly  in  moist  air,  giving  hydrochloric  acid  and  stannic  acid. 
It  was  formerly  known,  after  its  discoverer  (1005),  as  8piTitu8  fumans 
Libauii.  The  aqueous  solution,  when  freshly  made,  has  almost  no 
conductivity,  and  the  compound  is  therefore  very  slightly  ionized. 
As  hydrolysis  proceeds,  the  conductivity  increases,  but  the  hydro- 
chloric acid  is  the  conductii^  substance.  After  a  time  hydrolyas 
becomes  almost  complete.  The  stannic  acid  which  is  formed  is  not 
precipitated,  however,  but  remains  in  colloidal  suspension: 
SnCU  +  4H,0  f±  4Ha  +  Sn(0H)4. 

The  chloride,  with  small  amounts  of  water,  ^ves  crystalline  hydrates 
SnCl4,3HjO,  SnCl„5H,0,  and  SnCU,8H,0,  of  which  the  second  is 
used  as  a  mordaat  under  the  name  "oxymuriate"  of  tin.  The 
'  double  (or  perhaps  complex)  salts  such  as  ammonium^tannic  chloride 
or  "pink-salt"  (NHi)tSnCl«  are  easily  made.  Pink  salt  is  used  as  a 
mordant  on  cotton,  and  gives  a  red  lake  with  alizarine  (p.  820). 
Stannic  bromida  SnSr^  (m.-p.  30°,  b.-p.  201°)  is  soluble  in  water. 

O'Stannic  Acid  and  its  Salt*.  — When  a  solution  of  stannic 
chloride  is  treated  with  ammoniiun  hydroxide,  a  white,  gelatinous  pre- 
cipitate is  formed.    To  this  the  formula  HiSnOt  is  generally  assigned ; 
SnCU  +  4NH4OH  -♦  4NH«C1  +  H^nO.  +  H,p. 

It  is,  however,  in  reality,  amorphous,  and  loses  water  gradu^y  until 
the  dioxide  remains.  Thus,  neither  Sn(OH)t  nor  SnO(OH)t  is  obtain- 
able as  a  definite  compound  (p.  635).  When  ntatinic  oxide  is  fused 
with  caustic  soda,  a  mstastannata,  namely,  the  a-aUniubte  NaiSnOi,- 
3HiO,  is  formed: 

SnOi  +  2NaOH  -^  Na^nO,  +  H,0. 

This  compound  is  used  as  a  mordant  under  the  name  of  "preparing 
salt."  When  its  solution  is  acidified,  o-etannic  acid,  the  actual  mor- 
dant, is  formed  by  double  decomposition.  This  a-stannic  acid  inter- 
acts readily  with  adds  and  alkalies,  and  the  chloride  obtained  from 
it  is  identical  with  stannic  chloride  described  above. 

Flannelette  and  other  cotton  goods  are  rendeied  non-inflam- 
mable by  saturation  first  with  sodium  a-stannate  solution  and  then, 
after  drying,  with  ammonium  sulphate.  The  acid  is  too  feeble  and 
too  insoluble  to  form  an  ammonium  salt; 

NaiSnOj  +  (NH4),S04  ->  Nft,SO«  -|-  SnO(OH),i  +  2NH, 
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The  sodium  sulphate  ib  washed  out  and  the  goods,  aft«r  being  dried, 
contain  stannic  oxide.  The  latter  cannot  afterwards  be  removed 
by  washing,  and  the  material  is  permanently  fireproof.  Silk  is  also 
loaded  with  stannic  oxide,  the  amount  used  varying  from  25  (better 
shades  on  dyeing)  to  300  per  cent  or  more. 

The  a-stannates  of  the  metals,  aside  from  those  of  potassium  imd 
sodium,  like  the  silicates  and  carbonates  which  they  much  resemble, 
are  all  insoluble  in  water,  and  may  be  made  by  double  decom> 


^•Stannic  Acid,  or  Metaatannic  Acid.  —  T^e  product  of  the 
action  of  nitric  acid  upon  tin  is  a  hydrated  stannic  oxide  like  the  fore- 
going substance,  but  is  not  identical  with  it.  It  does  not  eadly  int«r- 
act  with  alkalies.  By  boiling  it  with  caustic  soda,  however,  and  then 
extractii^  with  pure  water,  a  soluble  sodium  /S-stannate,  Na^n&On, 
is  obtained.  j3-stanmc  acid  is  also  very  slowly  attacked  by  acids,  and 
the  chloride  secured  from  it  is  not  identical  with  the  ordinary  chloride. 
For  these  reasons  it  is  supposed  to  be  a  hydrate  of  a  polymer  of  stan- 
nic oxide  (SnO:)i^HtO.  When  fused  with  caustic  soda,  it  ^ves  the 
same  a-stannate  as  does  the  dioxide  itself. 

The  difference  between  the  properties  of  the  two  stannic  acids 
was  noticed  by  BerzeHus  (1811),  and  was  the  first  case  in  which  iden- 
tity in  composition  was  found  not  to  be  accompanied  by  identity  in 
properties  (c/.  Isomers,  p.  583). 

The  Oxides  of  Tin.  —  When  stannous  oxalate  is  heated  in 
absence  of  air,  itaniunu  ozida  remains:  SnCjO*  — >  SnO  -f-  COj  -f-  CO. 
It  is  a  black  powder  which  bums  in  the  air,  givii^  the  dioxide.  The 
corresponding  hrdroxide  Sn:0(OH)i  is  formed  by  adding  sodium  car- 
bonate to  stannous  chloride  solution.  It  is  a  white  powder,  easily 
dehydrated,  and  interacts  with  alkalies  to  give  soluble  stannites, 
such  as  Na^nOi.  When  the  solution  is  boiled,  tin  is  deported,  and 
sodium  stannate  is  formed,  the  behavior  resembling  that  of  cuprous 
oxide  when  heated  with  oxygen  acids  (p.  743).  With  acids,  the 
hydroxide  gives  stannous  salts. 

Stuonic  ozldo  SnOi  is  found  in  nature  (p.  823),  and  may  be  made 
in  pure  form  by  igniting  ^tannic  acid.  When  heated,  it  becomes 
yellow,  but  recovers  its  whiteness  when  cooled  (cf.  Zinc  oxide,  p.  770). 
Prepared  at  a  low  temperature,  it  interacts  easily  with  acids,  but  after 
strong  ignitioQ,  is  affected  by  them  very  slowly. 
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The  Sulphides  qf  Tin.  —  Stannoua  snlphida  SnS  ia  obtained 
as  a  dark-brown  precipitate  when  bydrt^en  sulphide  is  led  into  a  solu- 
tion of  a  stannous  salt. 

atuudc  lulpblde  SnSi  is  formed  likewise  by  precipitation,  and  is 
yellow  in  color.  It  is  made  also  by  heating  together  tin  filings, 
mercury,  sulphur,  and  anunouium  chloride.  The  mercury  and  am- 
monium  chloride  are  ultimately  volatilized,  and  the  stannic  sulphide 
remains  in  the  form  of  yellow,  crystalline  scales  ("mosaic  gold"  or 
"bronze  powder").  Stannic  sulphide  loses  sulphur  when  strongly 
heated,  and  leaves  stannous  sulphide.  It  is  not  much  affected  by 
dilute  adds,  but  interacts  with  solutions  of  anunonium  sulphide  (or 
sodium  sulphide),  giving  soluble  eomplex  sulphidM,  such  aa  ammo- 
nium  ■ulphMt«uuut«: 

SnSs  +  (NH4)jS  -» (NH,),.SnS,. 

The  corresponding  aodium  sulpbostaiuut*  is  easily  crystallized  in  the 
form  NaiSnSj,2HiO.  Stannous  sulphide  is  not  affected  by  soluble 
sulphides,  but  polysulphides,  such  as  yellow  ammonium  sulphide, 
give  with  it  the  above  mentioned  sulphostannates: 

SnS  +  (NH4)»S  +  S  -^  (NHOi-SnS^ 

With  adds  the  sulphostannates  undergo  double  decomposition,  but 
the  free  acid  Hi.SnS»  thus  produced  is  unstable  and  breaks  up,  giving 
off  hydn^en  sulphide,  and  depositing  stannic  sulphide.* 

Analytical  Reactions  of  Salts  of  Tin.  ■ —  The  two  ionic  forma 

of  tin,  Sii"*^  and  Sn  * ' '  ' ,  arc  both  colorless.  Their  behavior  is  differ- 
ent. They  give  a  brown  and  a  yellow  sulphide,  respectively,  with 
hydrogen  sulphide.  The  interaction  of  these  sulphides  with  ydlow 
ammonium  sulphide  distinguishes  them  (c/,  p.  828)  from  those  of 
cadmium,  copper,  and  other  metab  whose  sulphides  are  mmilariy 
inactive  towards  dilute  acids.  The  sulphides  of  arsenic,  antimony, 
and  gold  (.q.v.),  however,  behave  like  those  of  tin  iu  this  respect.  The 
reducing  power  of  stannous-ion  Sn++  is  very  characteristic  (p.  825), 
Zinc  displaces  tin  from  solutions  of  its  salts.  The  oxides  are  reduced 
by  charcoal  in  the  reducing  part  of  the  Bunsen  Qame  and  the  metal  is 
h  berated. 

*  These  and  similar  compounds  sre  often  called  thioetannates,  orthothian- 
timoiiBlcs,  etc.    The  prefix  Bulpho-  gives  more  euphouioua  words,  however,  aad 

is  used  here  for  all  excepting  the  thiocyanates. 
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The  Chemical  Relations  of  the  Element.  —  Lead  is  both 
biv&Ient  and  quadrivalent.  The  oxides  PbO  and  PbOi,  and  the  cor- 
respondii^  hydmted  oxides,  are  both  basic  and  acidic.  Lead  monox- 
ide is  a  fairly  active  base,  comparable  with  cupric  oxide,  and  lead 
dioxide  a  feeble  one.  Both  are  feebly  acidic.  The  salts  of  bivalent 
lead,  like  Pb(NOt)i,  conunonly  called  the  plumbic  salts,  are  some- 
what hydrolyzed  by  water,  but  less  so  than  are  those  of  tin;  The 
tetrachlonde  ai\d  other  salts  of  quadrivalent  lead  are  completely 
hydrolyzed.  The  plurabites  Nas.PbOj  and  plumbates  Nas.PbO»  are 
hydrolyzed  to  a  considerable  extent.  AU  the  compounds  in  which 
l^d  is  quadrivalent  ^ve  up  half  of  the  negative  radical  readily,  and 
are  reduced  to  the  "plumbic"  condition.  The  metal  displaces  hy- 
drogen with  difficulty,  and  is  easily  displaced  by  zinc.  Lead  com- 
pounds are  all  poisonous,  and  the  effects  of  repeated,  very  minute 
doses  are  cumulative  —  resulting  in  "lead  colic."  For  this  reason, 
the  manufacture  of  white  lead  is  forbidden  by  law  in  France,  and  is 
subject  to  strict  regulation  in  other  countries. 

i}ccurrence  and  Metallurgy.  —  Commercial  lead  is  almost  all 
obtained  from  galena  PbS,  which  crystallizes  in  cubes.  This  ore 
often  contains  considerable  amounts  of  ^ver  sulphide  Ag^  (t^, 
p.  749),  which  is  isomorphous  with  it,  and  it  occurs  in  association 
with  sulphides  of  arsenic,  antimony,  zinc,  copper,  and  iron.  Other 
salts  of  lead  are  of  less  common  occurrence. 

The  sulphide  of  lead  is  first  roasted  until  a  sufficient  proportion 
of  it  has  been  converted  into  the  oxide  and  sulphate.     The  furnace- 
doors  are  then  closed,  and  the  temperature  raised  in  order  that  these 
products  may  interact  with  the  unchanged  part  of  the  sulphide: 
PbS  +  2PbO  ^  3Pb  +  SOi. 
PbS  +  PbSO,  -» 2Pb  +  ^0«. 
Another  plan  consists  in  heating  galenite  with  scrap  iron  or  iron  ores 
and  coal:    PbS  +  Fe -» Pb -|- FeS.    The  molten  ferrous  sulphide 
rises  to  the  top  as  a  matte. 

The  purification  of  the  lead  from  the  other  metals  whose  sulphides 
have  been  reduced  at  the  same  time  is  often  troublesome.  In  Parke's 
process  (p.  749)  for  the  extraction  of  the  silver  by  means  of  zinc,  the 
greater  part  of  the  foreign  metals,  with  the  exception  of  bismuth, 
pass  into  the  zinc  scum.  About  0.5  per  cent  of  zinc  remains  in  the 
lead,  and  is  oxidized  by^the  action  of  a  jet  of  steont  beffnre  the  lead  is 
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poured  into  the  molds.  Lead  is  refined  electrolyticslly  by  the  Betta 
process.  Heavy  plates  of  the  crude  lead  form  the  anodes,  thin  sheets 
of  pure  lead  the  cathodes,  and  a  solution  of  lead  fluo^icate  PbSiFi 
the  cell  liquid.  The  operation  is  mmilar  to  that  for  refining  copper 
(p.  747).  Silver,  gold,  and  bismuth  are  left  as  a  sludge,  while  Zn,  Co, 
Ni,  and  Fe  go  into  solution  and  are  not  redepo^ted. 

The  production  (ldl3)  was:  United  States  412,000  short  tons, 
Spain  224,000,  Germany  199,000,  Australia  128,000. 

PhyBicalMnd  Chemical  Properties.  —  Metallic  lead  is  gray  in 
color,  very  soft,  and  of  small  tensile  strei^h.  Its  density  is  11.4, 
and  its  melting-poiiit  327.4°.  While  warm,  it  is  formed  by  hydraulic 
pressure  into  pipes  which  are  used  in  plumbing  and  for  covering  elec- 
tric cables.  On  account  of  its  very  dow  interaction  with  most  sub- 
stances, sheet  lead  is  used  in  chemical  factories,  for  example,  to  line 
Bulphuric-acid  chambers.  An  alloy  containing  0.5  per  cent  of  arsenic 
is  used  in  making  small  shot  and  shrapnel  bullets.  Type-metal  con- 
tains 20-25  per  cent  of  antimony  (g.n.),  and  expands  on  soUdifying, 
^ving  a  perfect  reproduction  of  the  mold.  In  both  cases  greater 
hardness  {(^.  p.  644)  is  secured  by  the  addition  of  the  foreign  metal. 
Solder  contains  50  per  cent  of  tin  and,  being  a  solution,  melts  at  a  low 
temperature,  and  can  be  appfied  to  solid  lead  without  melting  the 
latter. 

Lead  oxidizes  very  superficially  in  the  ur.  The  suboxide  PbiO  is 
supposed  to  be  first  formed.  The  final  covering  is  a  basic  carbonate. 
Contact  with  bard  waters  confers  upon  lead  a  similar  coating  com- 
posed of  the  carbonate  and  the  sulphate.  These  deposits,  being 
insoluble  and  strongly  adherent,  enclose  the  metal  and  protect  the 
water  from  contamination  with  lead  compounds.  Pure  rain-water, 
however,  since  it  has  no  hardness,  but  contains  oxygen  in  solution, 
gives  the  hydroxide  Pb(0H)2,  which  is  noticeably  soluble.  Hence 
lead  pipes  can  safely  be  used  only  with  somewhat  hard  water.  When 
heated  in  the  air,  lead  gives  the  monoxide  FbO  or  minium  PbjOi, 
the  latter  at  lower  temperatures. 

The  metal  displaces  hydrogen  from  hydrochloric  acid  v^y  slowly. 
It  is  hardly  affected  by  concentrated  sulphuric  acid  ((^,  p.  436). 
Nitric  acid  attacks  it  readily,  giving  lead  nitrate  and  oxides  of  nitro- 
gen (p.  535). 

Chlorides  and  Iodide  of  Lead,  —  Plumbic  chlorids  PbCli  is 
precipitated  when  a  soluble  chloride  is  added  to  a  solution  of  a  soluble 
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lead  salt.  It  is  slightly  soluble  in  water  (1.5  :  100)  at  18°,  and  much 
more  so  at  100°.  In  the  saturated  solution  at  25°  about  50  per  cent 
of  the  iead  is  in  the  form  Pb++,  44  per  cent  as  PbCl+,  and  6  per  cent 
as  PbClj  (qf.  p.  439). 

Lead  tetnMtalorlda  PbCU  is  a  solid  at  — 15°,  and  loses  chlorine  at 
room  temperature.  It  is  made  by  passing  chlorine  into  plumbic 
chloride  suspended  in  hydrochloric  acid.  The  solution  contains 
HiPbClg.  Ammonium  chloride  is  added  and  ammonium  chloro- 
plumbate  (NH4)sPbCl«,  analc^ous  to  pink-salt  (p.  826),  crystallizes 
out.  When  this  is  thrown  into  cold,  concentrated  sulphuric  acid, 
an  oil,  PbCU,  settles  to  the  bottom.  The  oil  fumes  in  the  air  and, 
in  general,  closely  resembles  stamiic  chloride  SnCU.  With  littlewater, 
it  slowly  deposits  PbCU  and  gives  off  chlorine.  With  much  water, 
it  is  quickly  hydrolyzed,  and  lead  dioxide  is  thrown  down: 

PbCU  +  2H,0  -» PbO,  +  4HC1. 

Lead  iodide  Pbli  (yellow)  is  formed  by  preci^tation.  It  crys- 
tallizes in  yellow  scales  from  solution  in  hot  water. 

Plumbic  chloride  and  iodide  are  both  more  soluble  in  acids  or 
salts  with  a  coromon  negative  ion  than  they  are  in  water,  and  form 
soluble,  but  somewhat  unstable,  complex  salts. 

Oxidea  and  Hydroxides.  —  There  are  five  different  oxides  of 
lead,  PbsO,  PbO,  PbjO*,  PbiOi,  and  PbOj.  The  ■obozlde  Pb,0  is  a 
dark-^ray  powder,  formed  by  gently  heating  the  oxalate.  Plumbic 
oxide,  or  lead  monoxide  FbO,  is  made  by  cupellation  (p.  749)  of  lead, 
and  the  solidified,  crystalline  mass  of  yellowish-red  color  is  sold  as 
Utharre.  The  yellow,  powdery  form  is  called  mudcot,  and  may 
be  obtained  by  heating  the  nitrate  or  carbonate.  All  the  other  oxides 
yield  this  one  when  they  are  heated  above  600°  in  the  air.  Plumbic 
oxide  takes  up  carbon  dioxide  from  the  air,  and  therefore  usually  con- 
tains a  bade  carbonate.  It  dissolves  in  warm  sodium  hydroxide  solu- 
tion, giving  a  plumbite  Nat-PbO*;  a  saturated  solution  redeposits 
part  of  the  oxide  in  crystalline  form  when  it  cools.  The  oxide  is  used 
in  making  glass  and  enamels,  and  for  preparing  salts  of  lead.  With 
glycerine,  it  gives  a  cement  for  glass  or  stone. 

Plumbic  hydroxldti  Pb(OH)i  is  formed  by  precipitation.  It  gives 
up  water  in  three  stages  with  different  aqueous  tensions  {cf.  p.  654), 
the  products  in  the  order  of  decreasing  tension  being  Pb(OH)i, 
PI:«0(OH)i,  PbiOt(OH)t.  These  substances,  as  will  be  seen,  are 
equivalent  in  compoation  to  PbO,H,0,  2PbO,HtO,  and  3PbO",HA 
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respectively.     The  hydroxide  is  observably  soluble  in  water,  imd 
gives  a  solution  with  a  faintly  alkaline  reaction.     With  acids  it  forms 
salts  of  lead.     It  interact^  also  with  potassium  and  sodium  hydroxides 
to  form  the  soluble  plumbitw,  like  sodium  plumblto  Nai-PbOi. 
W^Tl^nTn,  or  red  IomI,  Pb|Oi,  gives  off  oxygen  when  heated: 

2Pb,0,«zt6PbO  +  0,. 

The  dissociation  pressure  varies  with  the  temperature:  445",  5  mm.; 
600°,  60  mm.;  555",  183  mm.;  636",  763  mm.  Since  the  partial 
pressure  of  oxygen  in  the  air  ia  150  mm.,  the  substance  decomposes 
at  about  550°.  It  can  be  formed  in  air  by  reversal  of  the  action 
represented  above,  but  only  below  this  temperature,  namely  at 
470-480°  {cf.  p.  301).  In  pure  oxygen  of  one  atmosphere  pressure 
it  could  be  formed  at  600",  but  not  at  650°.  On  account  of  unequal 
heating  during  manufacture,  commercial  red  lead  is  never  fully  oxi- 
dized, and  always  contains  litharge.  Conversely,  commercial  litharge 
usually  contains  a  little  minium. 

Minium,  when  heated  with  warm,  dilute  nitric  acid,  is  decom- 
posed, and  leaves  lead  dioxide  as  an  insoluble  powder.  Two-thirds 
of  the  lead  is  Ijasic  and  one-third  acidic.  Minium  is  therefore  lead 
orthoplumbate  (see  below) : 

Pbi.PbO*  -I-  4HN0,  ?^  2Pb(N0,)j '+  H4Pb04. 

The  double  decomposition  as  a  salt  that  it  thus  undergoes  is  followed 
by  dehydration  of  the  plumbic  acid,  which  is  unstable:  H^PbOt— » 
PbOt  +  2HiO,  and  the  dioxide  remains.  Red  lead  is  UMd  in  maMng 
flint  glass  and,  when  mixed  with  oil,  gives  a  red  paint  which  is  specially 
applicable  to  iron-work  ((^.  p.  781), 

L«ad  dloxidv  PbO]  may  be  obtained  as  described  above  in  '.he 
form  of  a  brown  powder.  Unlike  most  oxides,  it  is  a  conduct^ir  of 
electricity.  It  is  usually  made  by  adding  bleaching  powder  to  an 
alkaline  solution  of  plumbic  hydroxide: 

Naj.PbO,  +  Ca(OCl)Cl  +  HjO  -*  2NaOH  +  CaClt  +  PbO^i. 

In  this  action  we  may  regard  the  free  lead  hydroxide,  formed  by 
hydrolysis  orthe  plumbite,  as  being  oxidized  by  the  bleaching  powder. 
This  dioxide  is  an  active  oxidizing  agent.  It  interacts  with,  and  seta 
fire  to,  a  stream  of  hydrogen  sulphide,  and  it  liberates  chlorine  from 
hydrochloric  acid.  With  acids  it  gives  no  hydn^n  peroxide,  and  ia 
not  a  peroxidate  (p.  321).  E^ead  dioxide  interacts  with  potassium  and 
sodium  hydroxides,  giving  soluble  tdumbatat.    These  are  derived 
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from  metaplumbic  acid.  The  potasaium  salt  KgPbOt,3HiO  is  analo- 
gous to  the  metastaiuiate  K^iiOi,3HtO  (p.  826).  A  mixture  of 
oalcium  carbomit«  aiid  lead  monoxide  absorbs  oxygen  when  heated 
in  a  stream  of  air,  and  the  yellowish-red  calcium  orthoplumbate  is 
fonned: 

4CaC0,  +  2PbO  +  0»  *:i  2CaJ'b04  +  4C0j. 

The  action  is  reversible,  and  is  at  the  basis  of  Kassner's  plan  for 
manufacturing  oxygen  from  the  air. 

Lead  Nitrate  Pb(iVO,)i.  —  This  salt  may  be  made  by  treating 
lead,  lead  monoxide,  or  lead  carbonate  with  nitric  acid.  It  forms 
white,  anhydrous  octahedra.  The  nitrate  and  acetate  (see  below)  are 
the  salts  of  lead  which,  because  of  their  solubility,  are  most  commonly 
used.  The  solubility  of  the  nitrate  is,  48  parts  in  100  at  10°,  and 
153  parts  at  100°.  Since  the  solubility  increases  with  rise  in  tempera- 
ture, the  process  of  solution  is  accompanied  by  absorption  of  heat 
(p.  305).    On  account  of  hydrolysis,  the  solution  is  acid  in  reaction. 

Lead  Carbonate  PbCOt,  —  This  compound  is  found  in  nature 
in  rhombic  crystals,  isomorphous  with  those  of  aragonlte.  It  may 
he  formed  as  a  precipitate  by  adding  a  soluble  bicarbonate  to  lead 
nitrate  solution.  With  normal  sodium  carbonate,  a  basic  carbonate 
Pbj(OH)i(CO.)*  is  depodted.  This  basic  salt  is  identical  with  whtta 
load,  which,  on  account  of  its  superior  opacity,  has  better  covering 
power  than  zinc-white  (p.  770)  or  permanent  white  (p.  730).  The 
substance  is  manufactured  in  various  ways,  all  of  which  involve  the 
oxidation  of  the  lead  by  the  air,  the  formation  of  a  basic  acetate  by 
the  interaction  of  vinegar  or  acetic  acid  with  the  oxide,  and  the  sub- 
sequent decomposition  of  the  salt  by  carbon  dioxide.  The  best 
quality  is  obtained  by  the  Dutch  method.  In  this,  gratings  of  cast 
lead  ("buckles")  are  placed  above  a  shallow  layer  of  vinegar  in 
small  pots.  These  pots  are  buried  in  manure,  which  by  its  decom- 
position furnishes  the  carbon  dioxide  and  the  necessary  warmth.  The 
gratings  are  gradually  converted  into  a  white  mass  of  the  baac  car- 
bonate. The  vapor  of  acetic  acid  arising  from  the  vinegar  may  be 
regarded  as  a  catalytic  agent  (c/.  p.  436),  since  it  is  used  over  and 
over  agiun.  White  lead  is  made  also  by  blowing  melted  lead  into 
dust  by  means  of  steam,  beating  the  powder  with  air  and  water 
until  it  is  converted  into  the  hydratcd  monoxide,  and  treating  the 
product  with  carbon  dioxide  and  vinegar. 
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Lead  Acetate  Pb(CO,CAt)t^AiO.  — This  salt  is  made  by  the 
action  of  acetic  acid  on  lithai^.  It  is  eaaly  soluble  in  water  and, 
from  the  sweet  t»ste  of  the  solution,  is  named  gat*t  of  toad  (used  in 
medidne).  The  basic  salt  Pb(OH)(COiCH,)  i&  fonned  by  b<»ling  a 
solution  of  lead  acetate  with  excess  of  litharge.  Unlike  most  basic 
salts,  this  one  is  soluble  in  water,  and  its  solution  has  a  faintly  alkaline 
reaction. 

Lead  Sulphate  PbSOt.  —  The  sulphate  occurs  in  nature  as 
anglesite,  and  is  isomorphous  with  heavy  spar.  Bdog  insoluble  in 
water,  it  is  easily  obtaioed  by  precipitation.  It  is  slightly  soluble  in 
concentrated  sulphuric  acid  (p.  436).  It  is  attacked  to  a  noticeable 
extent  by  nitric  add,  since  this  acid  is  more  active  than  is  sulphuric 
add  (cf.  p.  367).  It  also  interacts  with  concentrated  sodium  hydrox- 
ide solution,  on  account  of  the  removal  of  the  Fb^'*'  ions  which  are  a 
factor  in  its  solubility  product  and  their  passage  into  the  PbOi~  anion 
of  sodium  plumbite  (qf.  p.  832).  Finally,  it  dissolves  eadly  in  ammo- 
nium tartrate,  since  lead  enters  into  the  complex  anion  of  the  tartrates 
in  the  same  way  as  does  copper  (<^.  p.  744).  Barium  sulphate,  which 
is  of  the  same  order  of  insolubility  as  lead  sulphate,  is  somewhat 
affected  by  nitric  acid,  but  not  by  sodium  hydroxide  or  by  tartrates. 
The  element  banum  lacks  both  the  characteristics  which  lead  here 
exhibits. 

Lead  Sulphide  PbS,  ~  Natural  lead  sulphide  (galena)  is  black, 
and  its  crystals  have  a  silvery  luster.  The  precipitated  salt  is  black 
and  amorphous.  It  is  more  easily  attacked  by  active  acids  than  is 
mercuric  sulphide  (t^.  p.  774).  Concentrated  nitric  acid,  bdng  an 
oxidizing  agent  as  well  as  an  acid,  interacts  ^tb  it  readily. 

The  Storage  Battery.  —  In  the  ordinary  l«ad  accumulator  the 

plates  consist  of  leaden  gratings.  The  openings  are  EUed  with  finely 
divided  lead  in  one  plate  and  with  lead  dioxide  in  the  other.  These, 
and  the  dilute  sulphuric  add  in  the  cell,  are  the  active  substances 
when  the  cell  is  charged.  When  the  battery  is  used,  the  SO*^  ions 
migrate  towards  the  plates  filled  with  the  lead  (Fig.  159),  and  convert 
this  into  a  mass  of  the  insoluble  lead  sulphate:  S04~  -f-  Pb  — » PbSO* 
+  2©.  These  plates  receive  the  negative  charges.  Simultaneously, 
the  H+  ions  move  towards  the  other  plates  and  these  reduce  to 
monoxide  the  lead  dioxide  with  which  they  are  filled: 


PbO,  -I-  2H+  -*  H,0  +  PbO  -I-  2®. 
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These  plates  acquire  positive  charges  and,  by  interactioa  of  the  lead 
iDODoxidE  with  the  sulphuric  acid,  become  filled,  like  the  n^ative 
plates,  with  lead  sulphate.  During  the  discharge,  much  sulphuric 
acid  is  thus  removed  from  the  cell  Suid,  and  the  approaching  exhaus- 
tion of  the  cells  can  thus  be  ascertained  by  measuring  the  spedfic. 
gravity  of  the  fluid.    The  E.M.F.  of  the  current  is  a  little  over  2  volts. 


PU^ 


The  chor^i^  is  done  by  paasing  a  current  through  the  cell,  in  the 
opposite  direction  to  the  one  which  it  yields  (F^.  160).     The  H+  ions 
are  attracted  to  the  n^^tive  plate  and  an  equivalent  number  of  SOt~  - 
ions  are  formed,  so  that  only  lead  remans: 

PbSO*  +  2H+  +  2G  ^  Pb  +  2H+  +  80*=. 

Simultaneously,  the  SO^'  is  attracted  by  the  positive  plate  and, 
with  the  lead  sulphate  there  present,  forms  lead  persulphate:  SO^^  + 
PbSO(  +  2©  ^  Pb(SO0i.  The  persulphate,  being  a  salt  of  quad- 
rivalent lead,  is  at  once  hydrolyzed  and  the  filling  of  this  plate 
is  thus  changed  into  lead  dioxide:  PbCSOOi  +  2HtO -*  PbOi + 
2HtS04.  Both  plates  are  thus  brought  back  to  the  condition  in  which 
they  were  before  the  dischai^. 

The  last  set  of  changes  consumes  energy,  while  the  first  set 
liberates  energy.    Both  may  be  stated  in  a  single  equation: 


2PbS0.  +  2H,0  j=±  Pb  +  2H^0i  +  PbO,. 
<— discharge 
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la  the  IdlMm  call,  when  charged,  one  plate  is  of  iron  and  the 
other  contains  nickelic  oxide  NijOi.  The  cell  liquid  is  a  solution 
of  potassium  hydroxide.  When  the  cell  operates,  the  nickelic 
oxide  is  reduced  to  Ni(OH)g  and  the  iron  is  oxidized  to  Fe(OH),, 
an  action  which  delivers  energy: 

Fe  +  3HtO  +  NiA  ^  Fe(OH0  +  2Ni{0H),. 

When  the  cell  is  charged,  the  nickel  is  reoxidized  and  the  iron  re- 
duced. 

PainU.  —  A  psint  usually  contains  three  ingredients: 

1.  Tlw  oil  hardens  to  a  tough  resin,  being  oxidized  by  the  lur 
("dries"),  and  adheres  firmly  to  the  surface  beiiig  painted. 

'  2.  The  bodr.  is  a  fine  powder  which  makes  the  paint  opaque. 
Since  the  powder  does  not  shrink,  it  also  "fills"  the  paint  atul  pre- 
vents the  formation  of  minute  pores  which  otherwise  would  appear 
in  the  oil  after  drying.  White  lead  (p.  833)  is  a  common  material 
for  the  body,  but  ziiic  oxide,  Uthopone  (p.  730)  and  other  substances 
are  used. 

3.  Except  in  the  case  of  white  paint,  a  pigment  is  added.  Vari- 
ous oxides,  such  as  minium,  colored  salts,  and  lakes  (p.  820)  are 
used  as  coloring  matters. 

The  oil  does  not  "dry"  by  evaporation  but  ^ves  a  rean  by 
oxidation.  Linseed  oil  and  hemp  oil  are  conunonly  used.  They 
contain  glyceryl  esters  (p.  618)  of  unsaturated  &t;ids,  such  as  that 
of  linoleic  acid  (CiH6(COiCi7Hsi)j),  which  contains  four  units  of 
hydrogen  less  tli^  stearic  acid.  The  unsaturated  part  of  the  mole- 
cule takes  up  the  oxygen.  By  previously  boiling  the  oil  ^th  man- 
ganese dioxide  and  other  oxides,  it  is  rendered  more  active,  and 
"dries"  more  quicldy. 

Plumbers  use  a  cement  made  of  minium  and  linseed  oil,  in 
which  the  former  oxidizes  the  latter,  withoiit  access  of  air  being 
necessary. 

Analytical  Reactions  of  Lead  Compounds.  —  Hydn^en  sul- 
phide predpitates  the  black  sulphide,  even  when  dilute  acids  are 
present.  Sulphuric  acid  throws  down  the  sulphate.  Potassium  hy- 
droxide pves  the  white  hydroxide,  which  interacts  in  excess  to  form 
the  plumbite.  Potassium  chromate  or  dichromate  (q.v.)  gives  a 
yellow  precipitate  of  lead  chromate  PbCrOi,  which  is  used  as  a  pig- 
ment under  the  name  of  "chrome-yellow." 
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TrtANiDM,  Zirconium,  Cerium,  Thorium 

The  metals  on  the  left  ade  of  the  fifth  column  of  the  periodic  table 
are  all  quadrivalent,  although  compounds  in  which  a  lower  valence 
appears  are  numerous  in  this  family.  The  first  two  are  feebly  base- 
forming  as  well  as  feebly  acid-fonnlng;  the  last  two  are  base-forming 
excluavely, 

TltKDlum  occurs  in  rutile  TiTiO*.  ■  Derived  from  it  are  a  number 
of  titanates  of  the  form  KjTiOi,  titanic  iron  ore  (menaccanite)  being 
ferrous  titanate  FeTiOj. 

Zirconium  is  found  in  zircon,  *  the  ortho«licate  of  zirconium 
ZrSiOt,  which  occurs  in  ^uare  prismatic  crystals  isomorphous  with 
rutile,  caaaiterite  (SnSnOO,  pyrolusite  (MiiMn04),  and  thorite 
(ThSiOO-  The  oxide  was  used  at  one  time  in  making  the  incan- 
descent substance  in  some  forms  of  gas  lamps. 

CMium  occurs  chiefly  in  cerite  [Ce,  La,  Nd,  Pr]SiOt,H,0  (c/. 
p.  808).  The  particles  of  an  alloy  of  cerium  (70  per  cent)  and  iron 
(30  per  cent),  when  torn  off  by  a  file,  catch  fire  in  the  air.  This 
fact  is  utilized  in  making  gMi-Ughtsrs  and  cigar-lighters. 

Thorium  is  found  in  thorite  ThSiO*  but  most  of  the  supply  comes 
from  monazite  sand.  The  nitrate  Th(N0»)«,6H,0  is  used  in  making 
Welsbach  incandescent  mantles  (cf.  Flame,  p.  596).  The  mantle  of 
China  grass,  or  artificial  silk,  is  dipped  in  a  solution  of  this  salt 
along  with  one  per  cent  of  cerium  nitrate  Ce(N0))4i  and  is  then 
ignited.  The  oxides  TfaOi  (tboria)  and  CeOi  (ceria),  which  remain, 
form  a  fairly  coherent  maas.  Thorium  and  its  compounds  are  radio- 
active (see  Radium). 

Exercises.  —  1.  In  what  order  should  you  place  the  elements 
dealt  with  in  this  chapter,  beginning  with  the  least  metallic,  and 
ending  with  the  moat  metallic  (p.  645)? 

2.  Construct  equations  showing,  (o)  the  interaction  of  tin  and 
concentrated  sulphuric  acid,  (6)  of  water  and  stannous  chloride,  (c)  of 
chtorauric  acid  and  stannous  chloride  (p.  825),  (d)  of  oxygen  and  stan- 
nous chloride  in  acid  solution,  (e)  the  decomposition  of  lead  oxalate 
(p.  831),  (f)  the  interaction  of  lead  monoxide  and  acetic  acid,  (g)  and 
of  lead  monoxide  and  lead  acetate. 

3.  To  which  class  of  ionic  actions  (pp.  402-406)  do  the  reductions 
by  stannous  chloride  belong? 

4.  What  interactions  probably  occur  when  lead  dioxide  liberates 
chlorine  from  hydrochloric  acid? 
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5.  How  should  you  Bet  about  preparing,  (a)  lead  escalate  (insol- 
uble), (6)  lead  chlorate  (soluble)? 

6.  Should  the  formula  of  the  sulphate  of  quadrivalent  lead  be 
writteu  Fb(S04)i  or  PbSiOi,  and  is  it  related  to  persulphuric  add 
H&O,? 

7.  Describe  in  terms  of  the  categories  used  in  connection  with  the 
phase  rule  (p.  705)  the  system  furnished  by  minium  at  500°. 

8.  Construct  equations  for  the  formation  of  white  lead  by  the 
Dutch  process,  showing,  (1)  the  formation  of  the  basic  acetate  by 
the  action  of  oxygen,  water,  and  acetic  acid  vapor,  and  (2)  the 
action  of  carbonic  acid  on  the  pfoduct. 
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ABSKinO,  AMTIMONT,  BISHtrTH 

Thib  family  is  closely  related  to  the  elements  phosphorus  and 
mtrogen,  which  precede  it  in  the  same  column  of  the  periodic  iaHe. 
In  reading  this  chapter,  therefore,  constant  reference  should  be  made 
to  the  chemistry  of  the  corresponding  compounds  of  phosphorus. 
For  a  general  comparison  of  the  elements  uMnio  (As,  at.  wt.  75), 
uitimoiiy  (Sb,  at.  wt.  120.2),  and  blamuth  (Bi,  at.  wt.  208)  with  each 
other,  and  with  the  two  already  disposed  of,  see  p.  850.  It  is  suffi- 
cient here  to  say  that  arsenic  is  mainly  an  acid-forming  element, 
and  is  therefore  non-metallic,  while  antimony  is  both  acid-forming 
and  base-forming,  and  bismuth  is  hose-forming.  Bach  of  the  three 
elements  ^ves  a  set  of  compounds  in  which  it  is  trivalent,  and 
another  in  which  it  is  quinquivalent.  None  of  the  elements,  when 
free,  displaces  hydrogen  from  dilute  acids. 

Arsenic  As 

The  Chemical  Relati4>na  of  the  dement,  —  Arsenic  forms  a 
compound  with  hydrogen  AsHi.  It  f^vea  several  balt^en  derivatives 
of  the  type  AsXi  which  are  completely  hydrolyzed  by  water.  Its 
oxides  and  hydroxides  are  acidic.  Sulphates,  nitrates,  carbonates, 
and  other  salts  of  arsenic  are  not  formed.  The  complex  sulphides 
are  important.    The  soluble  compounds  of  arsenic  are  all  highly 


In  many  natural  sulphides,  such  as  pyritc  FeSj  and  zinc-blende 
ZnS,  a  part  of  the  sulphur  is  replaced  by  arsenic,  which  must  here 
be  playing  the  part  of  a  bivalent  element.  When  much  Arsenic  is 
present,  the  formulae  are  written:  Fe[3,As]t  and  Zn[S,Asj. 

Occurrence  and  Prep€iratU>n.  —  Aiseuic  is  found  free  in 
nature.  It  occurs  also  in  combination  with  many  metals,  particulariy 
in  arsenical  pyrite  (mispickel)  FeAsS.  Two  sulphides,  orpiment 
AstSj  and  realgar  As^,  and  white  arsenic  Astd,  are  less  common. 

The  element  is  obtained  either  from  the  native  material  or  by 
heating  arsenical  pyrites:  FeAsS  — >  FeS  -I-  As.    During  the  roaBtiog 
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of  the  sulphur  ores  of  metals,  arsenic  trioxide  is  fonned  by  the  oxida- 
tion of  the  araenic  so  frequently  present,  and  collecte  as  a  dust  iq 
the  flues.     The  supply  is  greatly  in  excess  of  the  demand. 

Phyncal  Properties.  —  The  free  element  is  steel-gray  in  color, 
metallic  in  appearance,  and  crystalline  in  fonn.  When  the  vapor  is 
suddenly  cooled,  however,  a  yellow,  less  stable  variety  is  obtained, 
which  Is  soluble  in  carbon  disulphide,  is  phosphorescent  in  the  air, 
and  in  other  ways  resembles  whit«  phosphorus. 

Elementary  araenic  gives  off  vapor  at  180°,  and  above  600"* 
acquires  a  vapor  pressure  of  760  mm.  The  density  of  the  vapor 
measured  at  644°  gives  308.4  as  the  weight  of  the  G.M.V.  (22.4  liters 
at  0°  and  760  mm.).  The  weight  combining  with  one  unit  (35.46  g.) 
of  chlorine  is  25  g.,  and  three  times  this  amount,  or  75  g.,  is  the 
smallest  weight  foucd  in  the  G.M.V.  of  any  volatile  compound  of 
arsenic,  and  is  therefore  accepted  as  the  atomic  weight.  Since  308.4 
19  equal  approximately  to  4  X  75  (=  300),  the  formula  of  the  vapor 
of  the  simple  subetance  at  644°  is  Asf,     At  1700°  the  formula  is  .^. 

Chemical  ProperHea.  —  The  free  element  bums  in  the  air, 
producing  clouds  of  the  solid  trioxide  AsiOt.  It  unites  directly  with 
the  baleens,  with  sulphur,  and  with  many  of  the  metals.  When 
boiled  with  nitric  add,  chlorine  water,  and  other  powerful  oxidizing 
agents,  it  is  oxidized  in  the  same  way  as  is  phosphorus,  and  yields 
arsenic  acid  H^AsO*. 

Araine  AaHt.  —  This  substance  corresponds  in  compoation  to 
ammonia  and  phosphine,  and  some  of  the  ways  in  which  it  may  be 
fonned  are  analogous  to  those  used  in  the  case  of  these  substances. 
Thus,  when  arsenic  and  zinc  are  melted  together  in  the  proportions 
to  form  lino  anmlde  Zn^Asg,  and  the  product  is  treated  with  <Uute 
hydrochloric  acid,  the  result  is  ramilar  to  the  action  c^  water  or 
dilute  adds  upon  caldum  phosphide.    Arsine  is  evolved  as  a  gas: 

ZmAs,  +  6HC1  ~» 2A8H,  +  SZnCl,. 
Ar^ne  (arsenuretted  hydrogen)  is  formed  also  by  the  action  of  active 
hydrogen  (fif.  p.  543)  upon  soluble  compounds  of  aiaenic,  such  as 
arsenious  chloride  AsCU  or  arsenic  acid.  When  a  solution  of  one  of 
these  substances  is  added  to  zinc  and  hydrochloric  acid  in  a  generating 
flask,  arsine  is  formed: 

AsCU  +  3H,  -» AsH,  +  3HC1. 
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This  method,  naturally,  does  not  fumiBh  pure  arsine,  for  free  hydrogen 
predominates  in  the  gas.  Pure  arsine  may  be  secured  by  leading  the 
mixture  with  hydrogen  through  a  U-tube  immersed  in  liquid  air.  The 
arsine  (b.-p,  —55°)  condenses  as  a  colorless  liquid  (m.-p.  —119"). 

Ardne  bums  with  a  bluish  flame,  producing  water  and  clouds  of 
arsenic  trioxide :  2A6H)  +  30s  — *  3HiO  +  AsiOi.  The  combustion 
of  hydn^ea  containing  arsine  produces  the  same  substances.  Since 
arsiue,  when  heated,  is  readily  dissociated  into  its  constituents 
{cf.  p.  416),  the  vapor  of  free  arsenic  is  present  in  the  interior  of  the 
hydrogen  flame.  This  arsenic  may  be  condensed  in  the  form  of  a 
metallic-looking,  brownish  stain  by  interposition  of  a  oold  vessel  of 
white  porcelain.  Even  when  only  a  trace  of  the  compound  of  arsenic 
has  been  added  to  the  materials  in  the  generator,  the  stain  which  is 
produced  is  very  conspicuous.  This  behavior  thus  furnishes  us  with 
an  exceedingly  delicate  test  —  Manh't  tost  —  for  the  presence  of 
arsenic  in  any  soluble  form  of  combination.  The  compounds  of  anti- 
mony alone  show  a  Eomilar  phenomenon  (see  Stibine).  In  carrying 
out  the  test,  a  tube  of  hard  glass  is  attached  to  the  generator,  and  is 
heated,  by  means  of  a  Bunsen  flame,  at  a  point  near  to  the  flask. 
With  this  arrangement  the  arsenic  is  deposited  in  the  form  of  a  dark, 
lustrous  Ting  just  beyond  the  heated  part.  Zinc  of  special  purity 
must  be  employed  for  generating  the  hydrogen,  as  all  common  speci- 
mens of  the  metal  contain  a  sufficient  amount  of  arsenic  to  give  the 
metallic  film  without  any  actual  addition  of  an  arsenic  compound, 
and  a  blfuik  experiment  must  be  run,  with  other  portions  of  the  same 
reagents,  to  guard  against  the  possibility  of  its  coming  from  any  of 
them.  Arsenic  is  more  easily  detected  than  any  other  poison  which 
can  be  used  in  small  amounts. 

Arsine  is  exceedingly  poiionoui,  the  breathing  of  small  amounts 
producii^  fatal  effects.  It  differs  from  ammonia  more  markedly 
than  does  phoephine,  for  it  is  not  only  without  action  on  water  and 
on  acids,  but  does  not  unite  directly  even  with  the  halides  of  hydrogen, 

Halidea  of  Arsenic.  —  The  balides  include  a  Uquid  trlflnorlde 
AsF),  a  pontafiuorlda,  which  is  obtained  only  as  a  double  compound 
with  potassium  fluoride,  a  hquid  Moblorida  AsCli,  a  soUd  tribromlde 
AsBrg,  and  a  solid  tri-iodld«  Asl). 

The  tiicblorid*,  AsCU,  which  is  prepared  by  pasdng  chlorine  gas 
into  a  vessel  containing  arsenic,  is  easily  formed  as  the  result  of  a 
vigorous  action.  It  is  a  colorless  liquid,  boiling  at  130°..  When 
mixed  with  water  it  is  at  once  converted  into  the  whit^  almost  insolu- 
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ble  trioxide.  The  action  is  presumably  similar  to  that  of  water  upon 
tbe  correspondii^  compound  of  phosphorus  (p.  210),  but  the  arse- 
nious  acid  for  the  most  part  loses  water  and  forms  the  inaoluble  anhy- 
dride: 

AsCU  -I-  3H,0  i=t  A8{0H),  +  3HC1, 
2As(OH),viAfl.0,i  -I-3HA 

This  action,  however,  differs  markedly  from  the  other  t&  tbat  It  la 
manlblv,  and  arsenic  trioxide  interacts  with  aqueous  hydrochloric 
acid,  ^vit^  a  solution  of  arsenious  chloride.  When  this  solution  is 
boiled,  the  volatility  of  the  arsenious  chloride  causes  it  to  be  carried 
over  with  the  hydrochloric  acid  (b.-p.  110°,  cf.  p.  563),  and  this  method 
of  separating  arsenic  from  other  substances  is  used  in  chemical 


Oxides  of  Arsenic.  —  Arsanlo  trlozlds  As^  is  produced  by 
burning  arsenic  in  the  air  and  during  the  roasting  of  arsenical  ores 
(p.  840),  and  is  known  as  "white  arsenic"  or  dmply  "arsenic."  It  is 
purified  for  commercial  purposes  by  subliming  the  flue-dust  in  cylin- 
drical pots.  The  pure  trioxide  is  deposited  in  the  glassy  form  in 
the  upper  part  of  the  vessel.  It  passes  slowly  from  this  amorphous 
condition  into  the  common  crystalline  variety.  Its  vapor  density 
indicates  that  it  possesses  the  molecular  weight  AsiO<,  but  tbe  ampler 
formula  expresses  its  chemical  properties  sufficiently  well. 

When  treated  with  water,  the  trioxide  dissolves  to  a  very  slight 
extent  (1.2  :  100  at  2°),  forming  arsenious  acid,  by  reversal  of  the 
second  of  tbe  equations  ^ven  above.  As  usual,  the  less  stable, 
amorphous  variety  is  the  m6re  soluble.  In  boiling  water  the  solubil- 
ity is  much  greater  (11.5  :  100),  but  a  condition  of  equiUbrium  is 
reached  very  slowly.  With  concentrated  sulphuric  acid  the  trioxide 
forms  a  sulphate  of  rather  complex  composition,  indicating  that  it 
has  ba^c  properties,  but  this  sulphate  is  decomposed  into  the  oxide 
and  sulphuric  acid  when  treated  with  water.  When  heated  in  a 
tube  with  carbon,  this  oxide  is  reduced,  and  the  free  element,  bdng 
volatile,  is  deposited  upon  the  cold  part  of  the  tube  just  above  the 
flame.  It  is  an  active  poison,  since  it  gradually  passes  into  solution, 
forming  arsenious  acid.  The  fatal  dose  is  0.06-0.18  g.  (1-3  grains), 
but  "arsenic  eaters"  become  tolerant  of  it  and  can  take  four  times  as 
much  without  evil  effects.  It  is  contained  in  Fowler's  solution, 
which  is  used  as  a  heart  tonic. 

The  psntozlds  AstOt  is  a  white  trystalhne  substance,  formed  I^ 
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heating  araenic  acid :  ZHtAsO^  -♦  AsjOt  +  3HiO.  When  raised  to  a 
higher  temperature,  it  loses  a  part  of  it8  oxygen,  leaving  the  trioxide. 
In  consequence  of  this  instability,  it  cannot  be  formed  by  direct 
union  of  oxygen  with  the  trioxide,  as  can  phosphorus  pentoxide. 

Acids  of  Araenie.  —  When  elementary  arsenic  or  araenious  <^- 
ide  is  treated  with  concentrated  nitric  acid,  or  with  chlorine  and 
water,  cxOtoanmla  tdd  HsAsO^  is  produced.  The  substance  crys- 
tallizes as  a  deUqu^cent  white  solid  2HtAs04,HtO.  Salts  of  this 
acid,  and  of  pyroarsenic  acid  HiAsiOr  and  metarsenic  add  HAsO«, 
corresponding  to  the  phosphoric  acids  {p.  557),  are  known.  The 
two  last  adds,  themselves,  however,  are  not  known  as  such.  It 
has  been  shown  by  Menzies  that,  when  the  hemihydrate  of  orthoar- 
seuic  acid  is  dried  at  100°,  the  only  add  obtainable  has  the  com- 
podtion  HfrAsiOio  (=  SHiO,3AsiO().  When  this  add  is  heated  more 
strongly,  it  loses  water,  leaving  the  pentoxide  AsiOt.  With  the 
phosphoric  adds,  the  final  elimination  of  all  the  water  by  simple 
heatmg  is  impoedble.  The  chocolate-brown  idlvvr  orthoarHnats 
AgsA804  and  the  white  MgNH4AsOt,  like  the  corresponding  phos- 
phates, are  insoluble  in  water. 

Aisenioui  add  HsAsOi,  like  sulphurous  and  carbonic  adds,  loses 
water,  and  yields  the  anhydride,  arsenic  trioxide,  when  the  attempt  is 
made  to  obtain  it  from  the  aqueous  solution.  The  potauium  and 
sodium  arMDltoi,  KsAsOj  and  NaiAsOi,  are  made  by  treatii^  araenic 
trioxide  with  caustic  alkalies,  and  are  much  hydrolyzed  by  water. 
The  arsenites  of  the  heavy  metals  are  insoluble,  and  can  be  made  by 
precipitation.  Paris  green  and  Scheele'a  green  (p.  745)  are  arsenites  of 
copper.  The  poisonous  effects  of  wall-paper  colored  with  these  com- 
pounds seem  to  be  due  to  volatile  organic  derivatives  of  ardne  which 
are  formed  by  the  action  of  a  mold.  In  cases  of  poisoning  by  white 
arsenic,  freshly  precipitated  ferric  hydroxide  or  magnedum  hydroxide 
is  administered,  since  by  interaction  with  the  arsenious  acid  they  form 
insoluble  arsenites.  The  salts  of  arsenious  add  are  readily  oxidized, 
pasdng  into  arsenates.  The  action  of  a  standard  solution  of  iodine 
upon  sodium  arsenite,  for  example,  is  used  in  volumetric  analyds: 

NajAsO,  +  HiO  +  I,  fi  NajAsOt  +  2HI. 

Su^hides  of  Arsenic.  —  Three  sulphides  of  arsenic  are  known, 
AsiSt,  AsiS},  AsiSi.  The  first,  uwnlo  pentasulphldo  AsiSt,  is  ob- 
tained as  a  yellow  powder  by  decompodtion  of  the  sulpharaenates 
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(see  below),  and  by  leEtding  hydrogen  sulphide  into  a  solutioa  of 
arsenic  add  in  amcentraied  hydrochloric  acid.  The  latter  action 
shows  that  the  ion  As*"^"*'"*"*",  derived  from  AsCU,  is  present  in  the 
solution, 

Ananloiu  lulphlds  As^  occurs  in  nature  as  orpiment,  and  was 
formerly  used  as  a  ydlow  pigment  (auripigmentum).  The  word 
ars^c  is  derived  from  the  Greek  name  for  this  mineral  (Aptmiueif). 
It  is  obtained  as  a  citron-ydlow  precipitate  when  hydrogen  sulphide 
is  led  into  an  aqueous  solution  of  araenious  chloride. 

When  hydrt^n  sulphide  is  led  into  an  aqueous  solution  of  ar- 
eenious  acid,  the  sulphide  is  formed,  but  remains  in  oolloldal  gni- 
penslon.  It  is  a  negatively  charged  colloid  (p.  622),  s  small  amount 
of  H'*'  ion  in  the  liquid  rendering  the  whole  electrically  neutral.  It 
is  copulated  by  addii^  solutions  of  salts,  lower  concentrations 
being  sufficient  the  higher  the  valence  of  the  positive  ion  of  the  salt 
(0.05  Molar  KCl,  0.0007  M  BaCl,,  0.00009  M  AlCU). 

Swlffar  AstSt  is  a  natural  sulphide  of  orange-red  color,  and  is  also 
manufactured  by  subliFning  a  mixture  of  arsenical  pyrite  and  pyiite: 

2FeA8S  +  2FeS,  —  4FeS  +  As^T. 

It  bums  in  oxygen,  forming  arsenious  oxide  and  sulphur  dioxide,  and 
is  mixed  with  potassium  nitrate  and  sulphur  to  make  "  Bengal  lights." 

Sulpharsenites  and  Sulpharaenatea.  —  The  sulphides  of  ar- 
senic interact  with  solutions  of  alkali  sulphides  after  the  manner  of 
the  sulphides  of  tin  (p.  828),  giving  soluble,  complex  sulphides.  Ar- 
senious  sulphide  with  colorl&ss  ammonium  sulphide  gives  ammonium 
sulpharsenite,  and  with  the  yellow  sulphide  gives  ammonium  sulph- 
arsenate: 

3(NH4)tS  +  AsiSi-»2(NH4)iAaS„ 
3(NHi)iS  +  As^,  +  2S-*2(NH4),AsS,. 

Proustite  (p.  749)  is  a  natural  sulpharsenite  of  silvo-.  The  format 
tion  of  these  soluble  compounds  is  used  in  analysis  (</.  p.  783). 

These  salts  are  decomposed  by  acids,  and  give  free  sulphaisenious 
or  sulpharsenic  acid: 

(NH4)a.AsS,  +  3HC1  -» 3NH4C1  +  HjAsS,  —  3H,ST  +  A8»S,i . 
(NH4),.AsS*  +  3HC1  -» 3NH«C1  +  HjAsS*  -*  3H,S  f  +  AaS%i . 

These  sulpho-acids,  however,  at  once  break  up,  giving  hydrogen  sul- 
phide as  a  gas,  and' the  sulphides  of  arsenic  as  yellow  predpitates. 
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Antimont  Sb 

The  Chemical  delations  of  the  dement.  —  Antimony  re- 
sembles arsenic  in  formii^  a  hydride  SbHi  and  halides  of  the  forms 
SbXi  and  SbXt.  The  halides  are  partially  hydrolyzed  by  water  with 
ease,  but  complete  hydrolyras  is  difficult  to  accomplish  with  cold 
water.  The  oxide  SbiOt  is  basic  as  well  as  feebly  acidic  (amphoteric), 
and  the  oxide  SbiOs  is  acidic.  The  compositions  of  the  compounds 
are  similar  to  those  of  the  compounds  of  arsenic,  but  there  are  in 
addition  salts,  such  as  Sbi(S04)a,  derived  from  the  oxide  SbjO^.  The 
element  gives  complex  sulphides  like  those  of  arsenic. 

Occurrence  and  Preparation.  —  Antimony  occurs  free  in 
nature.  The  chief  supply,  however,  is  furnished  by  the  black  tri- 
sulphide  Sb^St,  stjbnite,  which  is  found  in  Hungary  and  Japan,  and 
forms  shining,  prismatic  crystals  of  the  riiombic  system.  Native 
sttbnite  is  roasted  in  the  air  in  order  to  remove  the  sulphur,  and  the 
white  oxide  which  remains  is  mixed  with  carbon  and  reduced  by 
strong  best: 

SbA  +  60i->Sb^4  +  3S0,, 

8bs04+  4C-»2Sb  +  4CO.  ■ 

Properties.  —  Antimony  is  a  white,  crystalline  metal,  melting 
at  630°  (b.-p.  1300°).  It  is  brittle,  and  easily  powdered.  Its  vapor 
at  1640°  has  a  density  corresponding  to  the  formula  Sbi,  while  at 
lower  temperatures  Sb*  is  present.  It  is  used  in  making  alloys  such 
as  type-metal,  stereotype-metal,  and  britannia  metal  (q.v.).  The 
alloys  of  antimony  expand  during  solidification,  and  therefore  give 
exceptionally  sharp  castings. 

Bftbbitt'i  Motal  (Sb  3,  Zn  69,  As  4,  Pb  5,  Sn  Id),  and  other  witi- 
trictlon  alloyi  used  in  Uning  bearings,  contain  antimony  along  with 
zinc,  copper,  and  other  metals.  Molten  mixtures  of  metals  (al- 
loys), when  solidifying,  do-  not  always  form  a  homogeneous,  solid 
mass.  In  an  anti-friction  alloy,  what  is  wanted  is  a  mass,  in  general 
soft,  but  containing  hard  prides.  The  latter  bear  most  of  the 
pressure,  yet,  as  the  alloy  wears,  they  art  pressed  irUo  the  softer  matrix 
so  that  a  smooth  surface  is  always  presented.  An  alloy  which  has 
the  opposite  composition,  that  is,  which  gives  a  hard  mass  con- 
toning  softer  particles,  develops  heat  by  friction  much  more  rapidly. 

The  element  unites  directly  with  the  halogens.  It  does  not  rust, 
but  when  heated  it  bums  in  the  air,  forming  the  trioxide  Sb^Oi  or  a 
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higher  oxide  SbaO*.  When  heated  with  nitric  acid,  it  jdelds  tbe 
trioxide  and,  with  more  difficulty,  imtiinoDic  acid  EUSbO«.  When 
heated  with  concentrated  sulphuric  add,  it  fonns  the  sulphate 
8b,{S0*),. 

Stibine  SbHt,  —  The  hydride  of  antimony  SbBj  is  formed  by 
the  action  of  zinc  and  hydrochloric  acid  on  a  soluble  compound  of  anti- 
mony. By  the  action  of  dilute,  cold  hydrochloric  acid  on  an  alloy  of 
antimony  and  magnesium  (1  : 2),  a  mixture  of  hydrogen  and  stibine 
contcunu^  as  much  as  11.5  per  cent  (by  volume)  of  tbe  latter  may  be 
made.  It  is  separated  by  cooling  with  liquid  air  (b.-p.  — 17°,  m.-p. 
—88'').  It  IB  more  easily  dissociated  than  is  arsine,  and  forms  a 
deposit,  of  antimony  when  a  porcelain  vessel  is  held  in  the  Same. 
The  behavior  is  in  all  respects  smilar  to  that  of  arane  (p.  841). 

The  layers  of  arsenic  or  antimony  obtained  upon  white  porcelain 
in  Marsh's  test  (p.  841)  may  be  distinguished  readily  in  several  ways. 
The  arsenic  spots  are  brownish  in  color,  lustrous,  and  volatile.  The 
antimony  spots  are  black,  smoky-looking,  and  involatile  at  the  tem- 
perature of  the  Bimsen  flame.  The  arsenic  spots  dissolve  in  a  fresh 
solution  of  bleaching  powder,  producing  calcium  chloride  and  arsenic 
add,  while  those  of  antimony  are  unaffected.  The  arsenic  spots 
are  scarcely  attacked  by  a  solution  of  yellow  ammonium  sulphide, 
while  those  of  antimony  dissolve  readily,  forming  an  ammonium 
Bulphantimoniate.  Another  distinction  between  arsine  and  stibine  is 
found  in  their  action  upon  a  solution  of  nitrate  of  silver.  Stibine  pre- 
dpitates  a  silver  antimoDide  Ag^b,  and  none  of  the  antimony  remains 
in  tbe  solution.  Ardoe,  on  the  contrary,  predpitates  metaUic  silver, 
while  arsenious  add  remains  in  the  solution. 

AnHntony  Halidea,  —  The  haUdes  include  the  trichloride,  the 
p«nt»ahlorld«  SbCIt,  a  liquid  (m.-p.  -6°,  b.-p.  140°),  the  trlbromlde 
SbBr,,  trl-iodlda  Sbl,,  trifluorido  SbFi,  and  p«ntafluorid«  SbF*. 

AnUmcnv  Molilorlde  SbCIi  is  made  by  direct  union  of  the  ele- 
ments. It  forms  lai^e,  soft  crystals,  and  used  to  be  named  "butter 
of  antimony  (b.-p.  223")."  When  treated  with  little  water,  it  forms 
a  white,  opaque,  insoluble  bade  salt,  antimony  oxychloride: 

SbCU  -f-  H,0  F±  SbOCU  +  2HC1. 

With  a  large  amount  of  water,  a  greater  proportion  of  the  chlorine  is 
removed,  and  SbACl,  (-  2SbOCI,Sb,0,)  remains.  With  boiling 
water  the  oxide  is  finally  formed.    The  action  is  not  complete  as  long 
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as  hydrochloric  add  is  present.  It  may  therefore  be  reveraed,  so  that' 
on  addition  of  hydrochloric  add  to  the  mixture,  a  clear  solution  of  the 
trichloride  is  re-formed.  If  the  concentration  of  the  acid  is  once 
more  reduced  by  dilution  with  water,  the  oxychloride  is  a^in  precip- 
itated. 

The  pMitfttthlorld*  is  formed  by  leading  chlorine  over  the  tri- 
chloride. It  is  a  liquid  which  fumes  strongly  in  the  mr,  bdi^  hydro- 
lyzed  by  the  moisture. 

Oxidea  a^  Antimony.  —  Three  oxides  are  known:  antimony 
trioxide  SbiOg,  antimony  pentoxide  SbiOf,  and  an  intermediate  oxide 
SbiOt.  The  tritold*  SbjOi  is  obtained  by  oxidizii^  antimony  with 
nitric  acid,  or  by  combuation  of  antimony  with  a  limited  supply  of 
oxygen.  It  is  a  white  substance,  insoluble  in  water.  It  is  in  the 
main  a  baac  oxide,  interacting  with  many  acids  to  form  salts  of  anti- 
mony. But  it  interacts  also  with  alicalies,  giving  soluble  uitlinonltMi. 
The  pentoxld*  SbjOt  is  a  yellow,  amorphous  substance,  obtained  by 
heating  antimonic  acid.  It  combines  only  with  bases  to  form  salts, 
and  is  therefore  an  acid-forming  oxide  exclusively.  The  tetroxlda 
SbiO*  is  formed  by  heating  antimony  or  the  trioxide  in  excess  of 
oxygen.  It  is  the  most  stable  of  the  three  oxides.  It  is  ndther  acid- 
nor  base-forming,  and  may  be  antimoniate  of  antimony  (SbSbOO- 

The  hydrated  trioxide  Sb(OH),  may  be  obtained  as  a  white  pre- 
dpitate  by  adding  dilute  sulphuric  acid  to  tartar-emetic  (see  bdow). 
It  is  insoluble,  and  easily  loses  water,  givii^  the  trioxide. 

Salts  of  Antimony.  —  The  nitrate  Sb(NOi)t  and  the  lulphat* 
SttjCSOOi  are  made  by  the  interaction  of  the  trioxide  with  nitric  and 
sulphuric  acids.  They  are  hydrolyzed  by  water,  giving  basic  salts, 
such  as  (SbO)»SOi  ( =  SbjO^SO*),  which,  like  SbOCI,  are  derived  from 
the  hydroxide  SbO(OII).  When  the  trioxide  is  heated  with  a  solution 
of  potassium  bitartrate  KHC4H,0.,  a  bade  salt  K(SbO)C4H40.,iH/), 
known  as  tutar-emstls,  is  formed.  This  is  a  white,  crystalline  sub- 
stance which  is  soluble  in  water  and  is  used  in  raedidne.  The  univa* 
lent  group  SbO*  is  known  as  antlmoii^,  and  the  above  mentioned  bade 
compounds  are  often  called  antimonyl  sulphate,  etc. 

Antintor^  Acid.  —  By  vigorous  oxidation  of  antimony  with 
nitric  acid,  or  by  decompodng  the  pentachloride  completdy  with 
water,  a  white,  insoluble  substance  of  the  approximate  compodtion 
H^bOf  is  obtained.    This  substance  interacts  with  caustic  potash 

I      Mz,,!:,.,  Google 
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and  passes  into  solution.  But  the  salts  which  have  been  made  are 
pyro-  and  metantimonatcs.  Thus,  when  antimony  is  fused  with 
niter,  potWBlum  matuitlmoiuta  KSbOi  is  formed.  When  dissolv^, 
this  salt  takes  up  water,  and  forms  a  solution  of  the  add  pyroanti- 
monate: 

.      2KSbO.  +  H^  -» K,H,Sb,OT. 

If  this  is  added  to  a  strong  solution  of  a  salt  of  sodium,  a  sodium 
pyroantlmonftts  NatHtSbiO?  is  thrown  down.  This  compound, 
abnost  the  only  somewhat  insoluble  salt  of  sodium,  is  formed  also 
by  direct  action  of  sodium  hydroxide  upon  antimonic  acid. 

Sulphides  of  Antimony.  —  There  are  two  sulphides,  the  tri- 
sulphide  SbtSi  and  the  pentasulphide  Sb^^.  The  trlmilphidv  SbiS, 
is  found  in  nature  as  the  black,  crystalline  stibnite.  By  the  action  of 
hydn^en  sulphide  upon  solutions  of  salts  of  antimony,  the  trisulphide 
is  precipitate  as  an  orange-red  powder,  which,  however,  after  having 
been  melted,  assumes  the  appearance  trf  stibnite: 
2SbCU  +  3H^  ^  Sb^  i  +  6HC1. 

The  antimony  trisulphide  is  decomposed,  and  the  above  action  is  re- 
versed, by  concentrated  hydrochloric  acid.  Like  cadmium  sulphide, 
this  substance  is  formed  only  when  the  acid  present  is  dilute. 

The  pentasulpbide  Sb^e  is  obtained  by  the  decompoeitJoo  of 
sulphantimonates  (see  below).  In  appearance  it  resembles  the  tri- 
sulphide and,  when  heated,  it  decomposes  very  readily  into  this 
substance  and  free  sulphur.     It  is  used  for  vulcanizing  rubber. 

Sulphantimonites  and  Sulphantimonates.  —  The  behavior 
of  the  sulphides  of  antimony  towards  solutions  of  the  alkali  sulphides 
is  very  similar  to  that  of  the  sulphides  of  arsenic  (p.  844).  The  tri- 
sulphide dissolves  in  colorless  ammonium  sulphide  with  difficulty, 
forming  an  unstable  ammonium  sulphantimonite: 
Sb^  +  3CNH0iS  -*  2(NH4)^bSi. 

With  the  pentasulphide,  or  ^th  yellow  ammonium  sulphide,  the 
action  takes  place  more  readily  and  ammonium  sulphantunonate  is 
formed : 

SbiSs  +  3(NH4),S  -*  2(NH0,.SbSt, 
SbiSj  +  aCNHOiS  +  2S  -» 2(NH4),.SbS4. 

The    most   familiar    substance    of   this    class   is   Schl^ipc'B    utt 

DolizodbyGoOgle 
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Na^bSi^dHtO.    Pyrargyrite  AgiSbSi  (p.  749)  is  a  mineral  sulphan- 
timonite. 

When  acids  are  added  to  solutions  of  sulphantimonates,  the 
sulpbantimonic  acid  wliich  ia  liberated  decomposes,  and  autimony 
pentaaulphide  is  thrown  down  (see  under  Arsenic,  p.  S44). 

BiBMDTH  Bi 

The  ChemiaU  Relations  of  the  Element.  —  Bismuth  fonns 
no  compound  with  hydrogen.  Its  compounds  with  the  halogens  are 
of  the  form  BiXj  and  are  hydrolyzed  by  water  giving  basic  salts. 
The  oxide  BigOj  is  basic  and,  although  an  oxide  BijOt  is  known,  it  is 
not  acidic.  Bierauth  gives  a  carbonate,  nitrate,  sulphate,  phosphate, 
and  other  salts,  in  all  of  which  it  acts  as  a  trivalent  element.  It 
forms  no  soluble  complex  sulphides. 

Occurrence  and  Phyaicat  Properties.  —  This  element  is  found 
free  in  nature,  and  also  to  some  extent  as  trioxide  Bi,0»  and  trisul- 
phide  Bi]S*.  It  isa  shining,  brittle  metal  with  a  reddish  tinge  (m.-p. 
271°).  Bismuth  is  one  of  the  few  substances  (see  water)  which 
expand  on  solidifying,  the  crystals  being  Ughter  than  the  liquid  at 
271°.  It  is  dimorphous,  with  a  transition  point  (p.  412)  at  75°. 
When  converted  into  vapor,  its  density  at  1600-1700°  is  somewhat 
less  than  that  corresponding  to  the  formula  Bi^. 

Mixtures  of  bismuth  with  other  metals  of  low  melting-point  fuse 
at  lower  temperatures  than  do  the  separate  metals.  This  is  another 
illustration  of  the  fact  that  a  solution  melts  at  a  lower  temperature 
than  the  pure  solvent  (p.  644).  Thus,  Wood'i  metal,  containing 
bismuth  (m.-p.  271°)  4  parts,  lead  (m.-p.  327°)  2  parts,  tin  (m.-p. 
232°)  1  part,  and  cadmium  (m.-p.  321°)  1  part,  melts  at  60.5°,  con- 
siderably below  the  boiling-poiiit  of  water.  Similar  alloys  are  used 
for  safety  plugs  in  steam-boilers  and  automatic  sprinklers. 

Chemical  Properties.  —  Bismuth  does  not  tarnish,  but  when 
heated  strongly  in  the  air  it  bums  to  form  the  trioxide.  With  the 
halt^ens  it  forms  a  fluoride  BiFa,  a  chloride  BiCla,  a  bromide  BiBfi, 
and  an  Iodide  Bilg.  When  the  metal  is  treated  with  oxygen  acids, 
or  the  trioxide  with  any  acids,  salts  are  produced. 

Oxides,  —  In  addition  to  the  basic  trioxide,  which  is  a  yellow 
powder  obtained  by  direct  oxidation  of  the  metal  or  by  ignition  of  the 
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nitrate,  three  other  oxides  are  known- — BiO,  BijOj,  and  BiiOg. 
None  of  these,  however,  is  either  acid-forming,  or  base-forming. 

Salts  of  Bismuth,  —  The  salts  of  bismuth,  when  dissolved  in 

water,  like  those  of  antimony,  give  inBoluble  basic  salts,  and  the 

actions  are  reversible,  the  basic  salte  being  redissolved  by  addition 

of  an  excess  of  the  acid.     In  the  case  of  the  cbloildB  BiCb,HiO  and 

-  the  nitrate  Bi(NOi)t,5HtO,  the  actions  taking  place  are: 

BiCU  +  2H,0  !=±  Bi{OH),Cl  +  2HC1, 
Bi(N0,)4  +  2H,0  ?=iBi(OH),NO,  +  2HN0,. 

The  fonner  of  these  products,  when  dried,  loses  a  molecule  of  water, 
giving  the  oxftblmlAt  BiOCl.  The  ux^iiiUate  of  bismuth  is  much 
used,  for  the  treatment  of  some  forms  of  indigestion,  under  the  name 
"subnitrate  of  bismuth."     It  is  often  contained  in  face  powders. 

It  will  be  seen  that,  although  bismuth  forms  a  colorless  ion  Bi''"++, 
and  is  in  this  respect  a  metal  in  the  chemical  sense  of  the  term,  yet, 
like  many  other  metals,  it  is  related  to  the  non-metals  inasmuch  as  its 
salts  are  at  least  partially  hydrolyzed  by  water. 

The  brownish-black,  insoluble  triiu^bide  BiaSi,  may  be  obt^ed 
by  direct  union  of  the  elements,  or  by  precipitation  with  hydrogen 
sulphide.  On  addition  of  much  acid  the  second  of  the  above  actions 
is  reversed.  This  sulphide  is  not  affected  by  solutions  of  ammonium 
sulphide  or  of  potassium  sulphide.  It  differs,  therefore,  maritedly 
from  the  sulphides  of  arsenic  and  antimony  in  its  behavior. 

The  Family  as  a  Whole 

When  we  compare  the  elements  of  this  group,  taking*  nitrogen  as 
the  first  of  the  family,  in  spite  of  the  fact  that  it  is  somewhat  less 
closely  related  to  the  other  members  than  they  are  to  one  another,  we 
find  an  admirable  illustration  of  the  general  principles  which  the 
periodic  system  presents. 

The  elements  themselves  change  prc^res^vely  in  physcal  proper- 
ties as  the  atomic  weight  increases.  Nitn^en  is  a  gas  which  with 
sufficient  cooling  yields  a  white  sohd,  phosphorus  a  white,  or  a  red 
solid,  and  arsenic,  antimony,  and  bismuth  are  metallic  in  appearance. 
The  first  combines  directly  with  hydrogen,  the  next  three  pve  hy- 
drides indirectly,  and  the  last  does  not  unite  with  hydrogen  at  all. 
The  hydride  of  nitrogen  combines  with  water  to  form  a  base,  while 
the  other  hydrides  show  no  such  tendency.    Ammonia  unites  nith 
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dl  acidB,  including  those  of  the  halogens,  to  form  salts;  phospbine 
with  the  hydrogen  haJides  only;  the  others  do  not  combine  with 
acids  at  all.  As  regards  their  metallic  properties,  in  the  chemical 
sense,  nitrogen  and  phosphorus  do  not  by  themselves  form  po^tive 
ions,  and  furnish  us  therefore  with  no  salts  whatever.  Arsenic  gives 
a  trivalent  positive  ion,  which  is  found  in  solutions  of  tbe  balides 
only.  It  forms  no  normal  sulphates,  nitrates,  or  other  salts.  Anti- 
mony and  bi»nutb  both  give  trivalent  positive  ions.  The  sulphates, 
nitrates,  etc.,  of  antimony,  however,  are  readily  decomposed  by 
water  with  precipitation  of  tbe  hydroxide.  The  salts  of  bismuth, 
on  the  other  hand,  do  not  readily  give  the  pure  hydroxide  with  water, 
although  they  are  easily  hydrolyzed  to  basic  salts. 

The  halc^en  compounds  of  nitrogen  and  phosphorus  are  com- 
pletely hydrolyzed  by  water,  and  do  not  exist  when  any  water  is 
present,  even  when  excess  of  tbe  halogen  acid  is  used.  The  halt^en 
compounds  of  arsenic  are  completely  hydrolyzed  by  cold  water, 
but  exist  in  solution  in  presence  of  excess  of  the  acids.  The  halogen' 
compounds  of  antilbony  and  bismuth  are  incompletely  hydrolyzed 
by  cold  water. 

Each  element  gives  a  trioxide  and  a  pentoxide.  With  nitrogen' 
these  are  acid-forming,  being  tbe  anhydrides  of  nitrous  and  nitri6 
acids.  With  phosphorus  the  trioxide  and  the  pentoxide  are  anhy- 
drides of  acids.  With  arsenic  the  trioxide  is  basic  towards  the 
halogen  acids,  and  is  the  first  example  of  a  basic  oxide  which  we 
encounter  in  this  group.  The  pentoxide,  however,  is  acid-forming. 
The  trioxide  of  antimony  b  mainly  base-forming,  although  it  is 
feebly  acid-forming  also.  The  pentoxide  is  acid-forming.  The 
trioxide  of  bismuth  is  base-forming  exclusively,  and  the  pentoxide 
has  no  derivatives. 

'  These  statements,  which  could  easily  be  expanded,  are  sufficient 
to  show  that  when  the  periodic  law  is  borne  in  mind  it  furnishes 
valuable  aid  in  ^^tematizing  tbe  chemistry  of  a  group  hke  this. 

Analytical  Reactions  of  Arsenic,  Antimony,  and  Bismuth. 

—  The  ions  which  are  most  frequently  encountered  are  As+++,  Sb"*-*^, 
Bi+++,  As04^  and  AsO,^.  The  first  three,  with  hydrogen  sul- 
phide, ipve  colored  sulphides  which  are  not  affected  by  dilute  acids. 
The  sulphides  of  arsenic  and  antimony  are  separable  from  the  sulphide 
of  bismuth  by  solution  in  yellow  ammonium  sulphide.  The  ion  of 
the  arsenates  AaO*"^^^  is  identified  by  its  interaction  with  salte  of 
ffllver  and  the  formation  of  MgNEUAsO*,  while  tbat-of  the  arsenites 
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AsOi=^  ia  recognized  by  its  reducing  power.  Marsh's  test  (p.  841) 
enables  us  to  recognize  the  presence  of  traces  of  compounds  of  ar- 
senic and  antimony.  Oxygen  compounds  of  arsenic,  when  heated 
with  carbon,  give  a  volatile,  metallic-looking  depofflt  of  arsenic. 

Vanadfdm,  CoLtmBiuM,  Tantalum 

Of  theee  elements,  wudlum  is  less  uncommon  than  the  others. 
It  is  found  in  rather  complex  compounds.  When  these  are  heated 
with  soda  and  sodium  nitrate,  sodium  TMutdate  NaVOi  is  formed, 
and  can  be  extracted  with  water.  SoUd  ammonium  chloride  is  added 
to  the  solution,  and  ammonium  metavanadate  NH4VO1,  which  is 
less  soluble  in  solutions  of  salts  of  ammonium  {cf.  p.  698)  than  in 
water,  appears  in  the  form  of  yellow  crystals.  When  this  salt  is 
heated,  niudio  uibrdrlda  VaOs,  a  yellowish-red  powder,  remains. 
This  oxide  interacts  with  bases  giving  vanadates,  of  which  the  most 
stable  are  the  metavanadates.  The  element  forms  several  ohloridM, 
such  as  VCtj,  VCU,  VCU,  VOCl,,  and  five  oxld«,  V,0,  VO,  V,0„ 
VOa,  and  VjOs.  The  element  has  very  feeble  base-forming  properties, 
and  gives  only  a  few,  unstable  salts.  Ferrovanadium,  an  alloy  with 
iron,  is  used  in  making  vanadium  steel  (^.v.). 

Columbium  (or  niobium),  first  discovered  and  named  by  Hat^ 
chett  (1801),  and  tui^om  likewise  possess  feebly  base-forming 
properties,  their  chief  compounds  being  the  columbates  and  tanta- 


Exerdaea.  —  1.  How  do  you  account  for  the  fact  that  the 
molecular  weight  of  arsenic  at  G44°  is  not  exactly  300,  and  why  is 
308.4  ~-  4  not  accepted  as  the  atomic  weight? 

2.  What  should  you  expect  to  be  the  in:eraction  of  arsine  with 
concentrated  nitric  acid? 

3.  Formulate  the  series  of  changes  involved  in  the  solution  of 
arsenic  trioxide  and  the  interaction  of  hydrochloric  acid  with  the 
arseniouB  acid  so  formed  (cf.  p.  666). 

4.  What  is  the  full  significance  of  the  fact  that  arsenic  penta- 
sulphide  may  be  precipitated  by  hydrogen  sulphide  from  a  solution  of 
arsenic  acid  in  hydrochloric  acid?     Make  the  equation. 

5.  To  what  classes  of  chemical  changes  do  the  interactions  of 
arsenioua  sulphide  and  antimony  trisulphide  with  yellow  ammonimn 
sulphide  belong? 

6.  Construct  equations  showing  the  interaction  of,  (a)  ooucen- 
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trated  sulphuric  acid  and  antimony,  (6)  arsenic  and  bleaching-powder 
solution,  (c)  antimony  and  yellow  ammonium  sulphide,  (d)  silver 
nitrate  and  stibine,  (e)  silver  nitrate  and  arsine,  (/)  concentrated 
nitric  acid  and  antimony,  {g)  acids  and  ammonium  ortbosulphanti- 
monate. 

7.  How  should  you  set  about  making  Schlippe's  salt? 
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CHAPTER  XLII 

THE  CHBOHniH  FAHILT.     RADIUM 

The  chromium  (Cr,  at.  wt.  52)  family  includes  molybdeDmn  (Mo, 
at.  wt.  96),  tungsten  (W,  at.  wt.  184),  and  uranium  (U,  at.  wt.  238.2), 
and  occupies  the  left  side  of  the  seventh  column  of  the  periodic  table, 
with  the  sulphur  family  on  the  right  side. 

The  Chemical  Relations  of  the  Family.  —  The  features 
which  are  common  to  the  four  elements  are  also  those  which  affiliate 
them  most  closely  with  their  neighbors  on  the  right  side  of  the  column. 
They  yield  oxides  of  the  forms  CrOj,  MoOs,  WOi,  and  UO,,  which, 
like  SOg,  are  acid  anhydrides,  and  show  the  elements  to  be  seidvalent. 
They  give  also  acids  of  the  form  H1XO4,  corresponding  to  sulphuric 
acid,  and  the  salts  resemble  the  sulphates.  Thus,  sodium  chromate 
NajCrOijlOHjO  is  isomorphous  with  Glauber's  salt  (p.  690),  and 
potasEQum  chromate  K^CrOt  with  potassium  sulphate. 

Aside  from  the  chromates,  the  first  element  forms  also  two  basic 
hydroxides  Cr(OH)s  and  Cr(OH)a,  from  which  the  numerous  chro- 
mous  {Cr++)  and  chromic  (Cr+++)  salts  are  derived.  TTranium  forms  a 
dioxide  UOi,  to  which  correspond  the  uranous  salts  like  U(SOt)i,  but 
the  moat  familiar  salts  of  this  metal  are  basic  salts  of  the  oxide  UCS, 
and  have  the  form  U0i(N0i)i.  Molybdenum  and  tungsten  are  not 
base-forming  elements. 

Chromium  Cr 

The  Chemical  Relations  of  the  Element.  —  Chromium  g^vea 
four  classes  of  compounds,  and  most  of  them  are  colored  substances 
(Gk.  xp^/^i  color).  The  cdiromatM  are  derived  from  chromic  acid 
HiCrO^,  which,  however,  is  itself  unstable,  and  leaves  the  anhydride 
CrOt  when  its  solution  is  evaporated.  The  oxide  and  hydroxide  in 
which  the  element  is  trivalent,  namely  CrjOj  and  Cr(OH),,  are  weakly 
basic  and  still  more  weakly  acidic.  Hence  we  have  chromic  Mlta  such 
as  CrCU  and  Cri(S04)j  which  are  somewhat  hydrolyzed,  but  no  carbon- 
ate, and  no  sulphide  which  is  stable  in  water.  The  compounds  in 
854 
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which  the  same  hydroxide  acts  as  an  acid  are  the  ohromitM,  and  are 
derived  from  the  less  completely  hydrated  form  of  the  oxide  CrO(OH). 
Potasdum  chromite  K.CrOj  is  more  ea«ly  hydrolyzed,  however,  tham 
is  potassium  sincate  or  potassium  aluminate.  lilnally,  the  chnmtou* 
Mtlts,  such  as  CrClt  and  CrSOt,  correspond  to  chromous  hydroxide  - 
Cr(OH)t,  in  which  the  element  is  bivalent.  This  hydroxide  is  more 
distinctly  baac  than  is  chromic  hydroxide,  and  forms  a  carbonate  and 
sulphide  which  can  be  precipitated  in  aqueous  solution.  The  chro- 
mous salts  resemble  the  stannous  and  ferrous  (q.v.)  salts  in  being 
easily  oxidized  by  the  air. 

Occurrence  and  Isolation.  —  Chromium  is  found  chiefly  in 
ferrous  chromite  Fe(CrOi)t,  which  constitutes  the  mineral  chromite, 
of  which  Rhodesia  suppUed  62,500  long  tons  and  New  Caledonia 
67,000  in  1915,  and  in  crocoiaite  PbCrOt,  which  is  chromate  of  lead. 
It  was  first  discovered  in  the  latter  mineral  by  Vauquelin  (1797). 
The  metal  is  easily  obtained  by  reduction  of  the  oxide  with  aluminium 


Physical  and  Chemical  Properties.  —  Chromium  is  a  white, 
crystalline,  very  hard  metal  (m.-p.  1500°).  It  does  not  tarnish,  but 
when  heated  it  bums  in  oxygen,  giving  the  green  chromic  oxide  CriOj. 
It  seems  to  exist  in  two  states,  an  active  and  a  pasmve  one,  the  rela- 
tions of  which  are  still  somewhat  obscure.  A  fragment  which  has 
been  made  by  the  Goldschmidt  method,  or  has  been  dipped  in  nitric 
acid,  is  passive,  and  does  not  displace  bydrt^en  from  hydrochloric 
acid.  When,  however,  the  specimen  is  wanned  with  this  acid,  it 
begins  to  interact,  and  thereafter  behaves  as  if  it  lay  between  zinc 
and  cadmium  in  the  electromotive  series.  If  left  in  the  air,  it  slowly 
becomes  inactive  again.  Tin  and  iron  with  hydrochloric  acid  form 
stannous  and  ferrous  chloride,  respectively,  because  the  h^her 
chlorides,  if  present,  would  be  reduced  by  the  active  hydrt^en.  Here, 
for  the  same  reason,  chromous  chloride  and  not  chromic  chloride  is 
formed: 

Cr-H2HCl-»CrCIi-|-H„    or    Cr  +  2H+ —  Cr*-*- +  H,. 

Chromium  is  used  in  making  chrome-steel,  for  armorplate.  The 
strange  alloys,  which,  although  composed  of  active  metals,  are  not 
attacked  by  acids  (even  boiling  nitric  acid)  usually  contain  chromium 
(e.g.,  60  per  cent  Cr,  36  per  cent  Fe,  4  per  cent  Mo). 
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Derivatives  of  Chrouic  Acid 


Potassium  Chromate  KtCrOt.  —  This  and  the  sodium  salt,  or 
rather  the  corresponding  dichromates  (see  below),  are  made  directly 
from  chromite,  and  form  tbe  starting-point  in  the  preparation  of  the 
other  compounds  of  chromium.  The  finely  powdered  mineral  ia 
mixed  with  potash  and  limestone,  and  roasted.  The  lime  ia  employed 
chiefly  to  keep  the  mass  porous  and  accessible  to  the  oxygen  of  the 
air,  the  potassium  compounds  being  easily  fusible: 

4Fe(CrO,)i  +  8K,C0,  +  70,  -.  2Fe,0*  +  SKjCrO.  +  8C0,. 

The  iron  is  oxidized  to  ferric  oxide,  and  the  chromium  passes  from  the 
state  of  chromic  oxide  in  the  chromite  (FeOjCrjOi)  to  that  of  chromic 
anhydride  in  the  potassium  chromate  (KsO,CrO»).  Thus,  more 
in^ght  is  ^ven  into  the  nature  of  tbe  action  by  the  equation: 

4(FeO,Cr^,)  +  8(K,0,C0,)  +  70,  -» 2Fe*0.  +  8(K,0,CrO,)  +  SCO,. 

The  cinder  is  treated  with  hot  potassium  sulphate  solution.  This 
interacts  with  the  calcium  chromate,  which  is  formed  at  the  same 
time,  ^vii^  insoluble  calcium  sulphate: 

-  CaCrO.  +  K^04f±CaS04+K^rO«. 

The  whole  of  the  potassium  chromate  goes  into  solution. 

Potassium  chromate  is  pale-yellow  in  color,  rhombic  in  form  {iso- 
morphous  with  potassium  sulphate),  and  is  very  soluble  in  water 
(61  :  100  at  10°). 

Sodium  chroDuto  NasCrO(,10HiO  is  made  by  using  sodium  car^ 
bonate  in  the  process  just  described. 

The  Dichromates.  —  When  a  solution  of  potasMum  sulphate  is 
mixed  with  an  equivalent  amount  of  sulphuric  acid,  potassium  bisul- 
phate  is  obtainable  by  evaporation:  K^O,  +  H^SO* -» 2KHS0*. 
The  dry  acid  salt,  when  heaied,  loses  ^ater  (p.  437),  giving  the  pyro- 
sulphate  (or  disulphate) :  2KHS0,  ^  KSiCh  +  H,0,  but  the  Utter, 
when  redissolved,  returns  to  the  condition  of  acid  sulphate.  Now, 
when  an  acid  is  added  to  a  chromate  we  should  expect  the  chromic 
acid  HjCr04,  thus  liberated,  to  interact,  giving  an  acid  chromate  (say, 
KHCrOi).  No  acid  chromates  are  known,  however,  and  instead  of 
them,  pyrochromates  or  dichromates  are  produced,  with  eliminatioD 
of  water.  In  other  words,  the  second  of  the  above  actions  is  not 
appreciably  reversible  when  chromates  are  in  question: 


OOglf 


THE  CHROMIUM  FAMILY.     RADIUM  867 

KtCrO*  +  H,S04  -» (HjCrOJ  +  K^« 

K,CtO«  (+  HiCrOQ  ->  K,Cr,OT  +  H,0 

2K,CrO.  +  H^04  -» K,Cr,07  +  HiO  +  K^O,  (1) 

In  tem^  of  ions,  SjO?"  is  unstable  in  water,  and  interacts  with  the 
OH"  ion  it  contuns,-  giving  watef  and  sulphate-ion,  while  CriOv~  is 
stable  in  water  and  is  formed  from  the  interaction  of  water  and 
chromate-ion: 

SjO,=  +  20H- 1*  H,0  +  2S0i=, 
Cr,0,=  +  20H~  ±?  H»0  +  2Cr04=.  (2) 

The  dicbromates  of  potassium  and  sodium  are  made  by  adding 
sulphuric  acid  to  the  crude  solutioD  of  the  chromate  obtained  from 
cbromite  (p.  866).  They  crystallize  when  the  liquid  cools,  and  the 
roother-Uquor,  contuning  the  potassium  sulphate  and  undeposited 
dichromate,  is  used  for  extracting  a  fresh  portion  of  cinder.  As  the 
dichromates  are  much  less  soluble  than  the  chromates,  they  crystallize 
from  less  concentrated  solutions,  and  can  therefore  be  obtained  in 
purer  condition.     Hence  the  extract  is  always  treated  for  dichromate. 

Potailum  dkhromato  KiCriOr  (or  KiCrOt,CrOj)  crystallizes  in 
asymmetric  tables  of  orai^e-red  color.  Its  solubility  in  water  is  8: 
100  at  10°  and  12.5  :  100  at  20°.  Sodium  dicbromata  Na«CriOT,2H|0 
formsredcrystalsalso,  and  its  solubility  is  109  :  100atI5°.  Thissalt 
is  now  cheaper  than  potas^um  dichromate,  and  has  largely  displaced 
the  latter  for  conmiercial  purposes. 

By  treatment  of  the  chromates  with  larger  amounts  of  free  acid, 
other  polychromates  are  formed.  Thus,  with  increa^ng  amounts 
of  nitric  acid,  ammonium  chromate  gives  first  the  dichromate 
(NH,),CrsO,,  which  may  be  written  (NH4)jCrO»,CrOs,  then  the  tri- 
chromate  (NH4)iCrO<,2CrOj,  and  even  the  tetracbromate  (NH4)f 
Cr04,3CrOa,  all  of  which  are  red  crystalline  substances. 

Chemicat  Properties  of  the  Dichromates.  —  1.   When  con- 
centrated sulphuric  acid  is  added  to  a  stroi^  solution  of  a  dichromate 
(or  chromate),  dinanic  antajdrlda  CrO»  separates  m  red  needles; 
NaiCrsOr  +  HjSO*  -*  Na^O*  +  H,0  +  2CrO,| . 
2.   Although  a  dichromate  lacks  the  hydrogen,  it  is  essentially  of 
the  nature  of  an  acid  salt,  just  as  SbOCI  lacks  hydroxyl,  but  is  essen- 
tially a  basic  salt.     Hence,  when  potassium  hydroxide  is  added  to  a 
solution  of  potassium  dichromate,  potassium  chromate  is  formed: 
KjCrjOi  +  2K0H  ->  2K^r04  +  H^. 
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The  solution  changes  from  red  to  yellow,  and  the  chromate  ia  obtained 
by  evaporation.     In  this  way  the  pure  alkali  chromates  are  made. 

3.  By  addition  of  potassium  dichromate  to  a  solution  c^  a  aalt  of  a 
metal  whose  chromate  is  insoluble,  the  chromate,  not  ihe  dichromate, 
is  precipitated.  This  occurs  because  there  is  always  a  little  CrQ4~ 
(equation  (2),  above)  in  the  solution  of  the  dichromate: 

2BaCN0,),  +  KiCriOj  +  H,0«=i2BaCrO,i  +  2KN0»  +  2HN0,. 

Beii^  essentially  an  acid  salt,  the  dichromate  produces  a  aalt  and  an 
acid,  as  any  acid  salt  would  do.    For  example: 

Ba(NO,),  +  KHSO^^BaSO^i  +  KNO,  +  HN(V 

Soluble  chromatea,  naturally,  also  precipitate  insoluble  ones. 

4.  The  dichromates  of  potaeaium  and  sodium  melt  when  heated, 
and,  at  a  white  heat,  decompose,  giving  the  chromate,  chromic  oxide, 
and  free  oxygen.  To  make  the  equation,  we  note  that  the  dichromate, 
for  example  KtCnOr,  consists  <^  KtCr04  +  CtOi,  and  the  tatter,  if 
alone,  will  decompose  thus:  2CiO»  —*  Cr»0»  +  30.  Since  the  [»od- 
uct  must  contain  a  multiple  of  Oi,  the  equation  is: 

4K,Cr,0,  -♦  4K,CrO.  +  2Cr,0,  +  30,. 

5.  With  free  acids,  the  dichromates  give  powerful  oxidizing  mix- 
tures, in  consequence  of  their  tendency  to  form  cbrtMnic  salts,  ^nce 
the  former  correspond  to  the  oxide  CrOi  and  the  latter  to  CrjOi,  the 
passage  from  the  former  to  the  latter  must  furnish  30  for  every 
2Cr0t  transformed.  In  dilute  solutions,  unless  a  body  capable  ttf 
being  oxidized  is  present,  no  actual  decompodtion,  beyond  the  libera^ 
tion  of  dichromic  acid*  occurs.  When  concentrated  hydrochloric 
acid  is  used,  thb  acid  itself  suffers  oxidation: 

KjCrA+    8HCI-»2KCl  +  2CrCU  +  4H,0(+30) 

(30)        +    6HCl-^3HaO  +  3Cli 

K,Cr,0,  4-  14HC1  -♦  2KCI  +  2CrCl»  +  7H,0  +  3CU 

When  sulphuric  acid  is  employed,  an  oxidisable  substance  such  as 
hydrc^^  sulphide  (cf.  p.  418),  sulphuroiu  add,  or  alcohol  must  be 
present,  if  the  dichromate  is  to  be  reduced: 

K,Cr,0,  +     4H,S0,  -+  KjSO*  +  CfiCSO*).  +  4H^  (+  30)       (1) 

(30)  +     3H^0,  ->  3H^04  (2) 

or        (30)  +  3CHsOH  -» 3C,H40  T  +  SHrf)  (20 

l^cobdi]  [■Idebyde] 

•  Not  ehown  as  a  distinct  stage  in  the  subaequent  equations. 
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In  each  case  the  usual  Bummation  of  (1)  and  (2),  with  omisfflon  of  the 
30  gives  the  equation  for  the  whole  action.  When  (1)  is  dissected, 
KiO,2CrOt  living  Ci^0t,3S0i  +  30  is  found  to  be  its  essential  con- 
tent. In  practice,  this  sort  of  action  is  used  for  the  purpose  of  making 
chromic  salts,  and  for  its  oxidizing  effects,  as  in  the  preparation  of 
aldehyde  and  in  the  dichromate  battery  (p.  797). 

6.  When  a  body  which  is  not  merely  oxidisable,  but  is  an  active 
reducii^  agent,  is  employed,  the  dichromate  may  be  reduced  without 
the  addition  of  any  acid.  For  example,  when  warmed  with  am- 
monium sulphide,  a  dichromate  ^ves  chromic  hydroxide  uid  free 
sulphur: 

KjCi^O,  +  3(NH«),S  -I-  7HiO  -♦2Cr(0H),  +  3S  +  2K0H  -|-  6NH4OH. 

AppHctttiona  of  Dichromatea.  —  If  the  reducing  body  is  less 
active,  the  change  may  nevertheless  take  place  under  the  influence  of 
l^ht.  Thus,  when  paper  is  coated  with  gelatine  containing  a  soluble 
chromate  or  dichromate,  and,  after  being  dried,  ie  exposed  to  light, 
chromic  oxide  is  formed  by  reduction,  and  is  adsorbed  by  the  gelatine, 
which  is  a  colloid.  This  product  will  not  swell  up  or  dissolve  in  t^id 
water,  aa  does  pure  gelatine.  This  action  is  used  in  many  ways  for 
purposes  of  artistic  reproduction.  Thus,  if  the  gelatine  mixture  is 
made  up  with  lampblack,  and,  after  the  coating  has  dried,  is  covered 
with  a  negative  and  exposed  to  light,  the  parts  which  were  protected 
from  illumination  may  afterwards  be  washed  away, 'while  the  caibon 
print  remans.  The  gelatine  layer  can  be  tram^erred  to  wood  or 
copper  before  washing.  When  materials  of  different  colors  are 
substituted  for  the  lampblack,  prints  of  any  desired  tint  ma,y  be  made 
by  the  same  process. 

Sodium  dichromate  is  used,  instead  of  tan-bark,  in  tanning  kid 
and  glove  leathers  (chronw-tannlnc  prooMs).  A  reducing  agent  is 
employed  to  preci[ntate  chromic  hydroxide  Cr(0H)(  in  the  leather. 
Its  use  diminishes  the  time  required  for  tanning  from  8  or  10  months 
to  a  few  hours.  The  hide  is  a  mixture  of  colloidal  materials,  and  the 
chromic  hydroxide  is  adsorbed. 

/fuoluble  Chromates,  —  A  number  of  chromatee,  formed  by 
precipitation  with  a  solution  of  a  soluble  chromate  or  dichromate,  are 
familiar.  Thus,  lead  chromate  PbCrOt  is  used  as  a  yellow  pigment. 
By  treatment  with  limewater  it  gives  a  basic  salt  of  brilliant  orange 
color  —  cbronw-ivd  PbtOCrO^.    Salts  of  caldum  give  a  yellow,  hy- 
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drated  tialdnm  ehronutfl  CaCrOt.SHiO  analogous  to  gypsum  and, 
like  it,  perceptibly  soluble  in  water  (0.4  :  100  at  14°).  Bwiuni 
thnnnate  BaCiO«  is  also  yellow.  It  interacts  wi^  active  a<nd8  to 
form  the  dichromate,  and  passes  into  solution.  Like  calcium  oxalate 
{cf.  p.  714),  it  is  not  soluble  enough  to  be  attacked  by  acetic  acid. 
Strontium  ebmnate  SrCrO^,  however,  interacts  with  acetic  acid. 
niTK  ohnmut*  A^CrO*  is  red,  and  interacts  easily  with  acids.  It 
will  be  observed  that  there  is  a  close  correspondence  between  the 
relative  solubilities  (see  Table)  of  the  chromates  and  the  aulpbatee. 

Chromyl  Chloride  CrOtCli.  —  This  compound  corresponds  to 
sulphuryl  chloride  SOtCli,  and  is  made  by  distilUng  a  dicbromate  with 
a  chloride  and  concentrated  sulphuric  acid : 

K,Cr,0,  -f-  4KC1  +  3H,S0.  ->  2CiO,Ci,  +  SK^SO*  +  3H,0. 

The  hydrochloric  acid  liberated  from  the  chloride  may  be  supposed  to 
interact  with  chromic  add  from  the  dicbromate: 

CrO,(0H),  +  2HC1  ^  CrOjCU  +  2H.0. 

Chromyl  chloride  ia  a  red  liquid  (b.-p.  118°).  It  fumes  strongly  in 
moist  air,  being  bydrolyzed  by  water  (read  the  last  equation  back- 
wards). The  corresponding  bromine  and  iodine  compounds  are 
unstable,  and  when  a  bromide  or  iodide  is  treated  as  described  above, 
the  halogens  are  liberated  by  oxidation,  and  no  volatile  compound  (rf 
chromium  appears.  Hence,  when  ao  unknown  halide  is  mixed  with 
potassium  dicbromate  and  sulphuric  acid  and  distilled,  and  the  vapors 
are  caught  in  ammonium  hydroxide,  the  finding  of  a  cbromate  in  the 
'distillate  demonstrates  the  existence  of  a  chloride  in  the  original 
mixture: 

CrO,Cl,  +  4NH40H  -» (NH^iCrO*  +  ZNH^a  +  2H,0. 

This  action  is  used  as  a  test  for  the  presence  of  traces  of  chlorides  in 
large  amounts  of  bromides  or  iodides,  or  both. 

Chromic  Anhydride  CrOi.  —  This  onde  is  made  as  described 
above  (par,  4,  p.  857),  and  is  often  called  "chromic  add."  It  is 
soluble  in  water,  and  combines  with  the  latter  to  some  extent,  {^ving 
dichromic  acid  Hi.CrjOr.  In  a  solution  addiiied  with  an  active  add 
it  is  much  used  as  an  oxidizing  agent  for  organic  substances.  It 
interacts  with  adds  in  the  same  way  as  do  the  dicbromates,  ^ving 
chromic  salts  and  furnishing  oxygen  to  the  oxidisable  body.    Whoi 
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heated  by  itaelf,  it  loses  oxygen  readily,  leaving  the  green  chromic 
oxide:  4CrO,  ->  2Cr,0«  +  30j. 

Chromic  and  Chbohous  Cohpocnds 

Chromic  Chloride.  — A  brdratM  cbtoid*  CiCli,6HtO  is  ob- 
tained by  treating  the  hydroxide  Cr(OH)i  with  hydrochloric  acid  and 
evaporating.  When  heated,  it  is  hydrolyzed,  and  chromic  oxide 
remains.  The  udirdrous  chlorid*  CrCU  is  formed  by  sublimation,  as 
a  mass  of  brilliant,  reddish-violet  scales,  whea  chlorine  is  led  over 
heated  metalhc  chromium. 

In  this  fonn  the  substance  dissolves  with  extreme  slowness,  even  . 
in  boiling  water,  but  in  presence  of  a  trace  of  chromous  chloride,  or 
stannous  chloride  it  is  easily  soluble.  The  solution  is  green,  as  are 
all  solutions  of  chromic  salts  after  they  have  been  boiled,  but  on  stand- 
ii^  in  the  cold,  bluish  crystals  of  CrCU,6HjO  are  deposited.  These 
pve  a  violet  solution  containing  Cr+++  +  3C1~,  but  boiling  reproduces 
the  green  color.  The  green  material  can  also  be  obtained  in  crystals 
as  a  hexahydrate,  and  is  therefore  isomeric  (p.  583)  with  the  violet 
variety.  With  the  green  isomer,  in  cold  solution,  silver  nitrate  pre- 
cipitates at  first  only  one-third  of  the  chlorine  as  silver  chloride. 

Chromic  Hydroxide.  —  When  ammonium  hydroxide  is  added 
to  a  solution  of  a  chromic  salt,  a  hydrated  hydroxide  of  pale-blue  color, 
2Cr(OH)s,HiO,  is  thrown  down.  This  loses  water  by  sta^^,  giving 
intennediate  hydroxides  such  as  Cr(OH),  and  CrOOH,  and  finally 
CriOi.  It  interacts  with  acids,  giving  chromic  salts.  It  also  dis- 
solves in  potassium' and  sodium  hydroxides  to  form  green  solutions  of 
cbromlt«s  of  the  form  KCrOi.  When  the  solutions  of  the  alkali- 
chromites  are  boiled,  the  free  hydroxide,  present  in  consequence  of 
hydrolysis,  is  converted  into  a  greenish,  less  completely  hydrat«d,  and 
less  soluble  variety.  This  begins  to  come  out  as  a  precipitate,  and 
soon  the  whole  action  is  reversed.  Insoluble  chromites,  such  as  that 
of  iron  Fe(CrO»)j,  are  found  in  nature.  Many  of  them,  like  Zn(CrOt)j 
and  Mg(CrOs)i,  may  be  formed  by  fusing  the  oxide  of  the  metal  with 
chromic  oxide;  the  action  being  similar  to  that  used  in  making  zinc- 
ates  (p.  771)  and  aluminates  (p.  812).  The  hydroxide  is  used  as  a 
mordant  (p.  820)  and  is  the  active  substance  in  the  chrome-tanning 
process  (p.  859). 

Chromic  Oxide  CrjOt,  —  This  oxide  is  obtained  as  a  green, 
infusible  powder  by  heating  the  hydroxide,  or,  more  readily,  by  heat- 

_     Coosic      - 
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ing  dry  anunonium  dichromate;  or  by  igniting  potassium  dichromate 
with  sulphur  and  washing  the  potaadum  sulphate  out  of  the  imdue: 

■(NH4)iCr,0,-»N,  +  4H80  +  Cr/),, 
K,Cr,0,  +  S  -» K^O*  +  Cr,0,. 

Chromic  oxide  is  not  affected  by  acids,  but  may  be  converted  into  the 
sulphate  by  fusion  with  potassium  bisulphate.  It  is  UMd  for  making 
green  paint,  and  for  giving  a  green  tint  to  glass.  When  the  oxide,  or 
any  of  the  chromic  salts,  is  fused  with  a  basic  substance  such  as  an 
alkali  carbonate,  it  passes  into  the  form  of  a  chromate,  absorbing  the 
necessary  oxygen  from  the  air.  If  an  alkali  nitrate  or  chlorate  is 
added,  the  oxidation-  goes  on  more  quickly.  The  alkaline  solution  of 
the  chromites  may  be  oxidized,  for  example,  by  addition  of  chlorine  or 
bromine,  and  chromates  are  formed. 

Chromic  Sulphate  CriiSO^tJSHiO.  —  Thia  salt  ciystallizes 
in  reddiah-violet  crystals,  and  may  be  made  by  treating  the  hydroxide 
with  sulphuric  add.  When  mixed  with  potassium  sulphate  solution, 
it  gives  reddish- violet,  octahedral  crystals  of  ctaromo-alum  (cf.  p.  813), 
K;^O<,Cr,(SO4)a,24Hs0.  This  double  salt  is  most  easily  obtained  by 
reducing  potassium  dichromate  in  dilute  sulphuric  acid  by  means  of 
sulphurous  acid  (p.  358),  and  allowing  the  solution  to  crystallise; 
The  solution  of  the  crystals,  either  of  the  pure  sulphate  or  of  the  alum, 
is  bluish-violet  (Cr*"*~*^),  but  when  boiled  becomes  green.  The  green 
compound  is  formed  by  hydrolysis  and  ia  gumray  and  unciystalliz- 
able.  It  even  yields  products  which  do  not  show  the  presence  either 
of  the  Cr'"++  or  the  SO*"  ion.  It  seems  to  be  formed  thus: 
2CriCS0,),  -I-  H,Of^  Cr40(S04)4.SO,  +  HjSO*. 

The  green  materials  revert  slowly  to  the  violet  ones  by  reversal  of  the 
above  action  when  the  solution  remains  in  the  cold,  and  so  crystals  of 
the  sulphate  or  of  the  alum  are  obtainable  from  the  green  solutJoua. 

Chromic  Acetate.  —  This  salt,  Cr(COiCHi)i,  is  made  by  treat- 
ing the  hydroxide  with  acetic  add,  and  a  green  solution  of  it  is  used  as 
a  mordant  by  calico-printers  (cf.  p.  820). 

Chromous  Compounds.  —  By  the  interaction  of  chromium 
with  hydrochloric  acid,  or  by  reducing  chromic  chloride  in  a  stream  of 
hydrogen,  chromous  ehlorldo  CrCU  is  formed.  The  anhydrous  salt 
ia  colorleas,  and  its  solution  is  blue  (Cr^~^).    Like  stannous  chloride^ 
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it  \a  very  eaMly  oxidieed  by  the  air,  a  soIuUod  of  it  containing  excess 
of  hydrochloric  acid  being  used  in  the  laboratory  to  absorb  oxygen; 

4CrCl,  +  4HC1  +  0,  -*  4CrCU  +  2H,0. 

Cbromoiis  hTdroodde  Cr(OH)i  is  obtained  as  a  yellow  precipitate 
when  alkalies  are  added  to  the  chloride.  With  sulphuric  acid  it  gives 
iduomoui  lulphato  CrSO^JHtO,  which  is  ooe  of  the  vitriols  (p.  7'ri). 

Chromous  salts  give  with  ammonium  sulphide  a  black  precipitate 
of  obromoui  lulpbld*  CrS,  and  with  sodium  acetate  a  red  precipitate 
of  oliromous  acvtftte.  The  latter  is  not  very  soluble,  and  is  less 
quickly  oxidised  by  the  air  than  any  of  the  other  chromous  compounds. 

Analytical   ReactUfns    of   Chromium    Compounds.  —  The 

chromic  salts  give  the  bluish-violet  chromic-ion  Cr+++,  or  the  green 
complex  cations,  and  may  be  recognized  in  solution  by  their  color. 
The  chromates  and  dichromates  give  the  ions  CrOt~  and  CriOj~, 
which  are  yellow  and  red,  respectively.  From  chromic  salts,  alkalies 
and  ammonium  sulphide  precipitate  the  bluish-green  hydroxide,  and 
carbonates  give  a  basi(r  carbonate  which  is  almost  completely  hydio- 
lysed  to  hydroxide.  By  fusion  with  sodium  carbonate  and  sodium 
nitrate,  they  yield  a  yellow  bead  containing  the  chromate.  The 
cfaromates  and  dichromates  are  recognized  by  the  insoluble  chromates 
which  they  precipitate,  and  by  their  oxidizing  power  when  mixed  with 
'  acids.  All  compounds  of  chromium  give  a  green  borax  bead  contain- 
ing chromic  borate,  and  this  bead  differs  from  that  given  by  com- 
pounds of  copper  {cf.  p.  746) ,  which  is  also  green,  in  being  unreducible. 

MOLTBDGNUM,   TONGSTEIJ,   UrANIUM 

As  was  stated  at  the  opening  of  the  chapter,  these  elements  ^ve 
acid  anhydrides  of  the  form  X0»,  and  acids  and  salts  of  the  form 
HiXO*.  They  tdso  give  salts  of  the  form  HjXtOi  corresponding  to 
the  dichromates.     Uranium  has  base-forming  properties  as  well. 

Molybdenum.  —  This  element  is  found  chiefly  in  wulfenite 
PbMoO*  and  molybdenite  MoSt.  The  latter  resembles  black  lead 
(graphite),  and  its  appearance  suggested  the  name  of  the  element 
(Gk.  /KiX{|d&um,  lead).  The  molybdenite  is  converted  by  roastii^ 
into  molybdlc  anl^drldo  MoOi.  When  this  is  treated  with  ammo- 
nium hydroxide,  or  with  sodium  hydroxide,  ammonium  moljtMlat* 
(NH4]iMoOf,  or  sodium   moljbdat«   NasMoO4,10HtO  is  obtained. 

_   t;oosic 
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The  metal  itaelf  is  liberated  by  reducing  the  oxide  or  chloride  with  hy- 
drogen. When  pure  it  is  a  silvery  metal  and,  like  iron  (q.v.),  takes 
up  carbon  and  shows  the  phenomena  of  tempering.  The  oxides  MotO>, 
MoOi,  and  MoOj  are  known,  but  the  lower  oxides  are  not  basic. 
The  oblorldes  MojCU,  MoClg,  MoCU,  and  MoCU  have  been  made. 
The  chief  use  of  molybdenum  compounds  in  the  laboratory  is  in 
testing  for  and  estimating  phoqthcffic  acid.  When  a  Uttle  of  a  phos- 
phate is  added  to  a  solution  of  ammonium  molybdate  m  nitric  acid, 
and  the  mixture  is  warmed,  a  copious  yellow  precipitate  of  a  plio«- 
phomolyMate  of  amnumlum  (NH4)]FO<,llMoOi,6HtO  is  fonned. 
The  compound  is  soluble  in  excess  of  phosphoric  acid  and  in  alkalies, 
but  not  in  dilute  mineral  acids. 

Tungsten,  —  The  minerals  scheelite  CaWO*  and  wolfram 
[Fe,Mn]WO«  are  tungstates  of  calcium  and  of  uxin  and  manganese, 
respectively.  By  fusion  of  wolfram  with  sodium  carbonate  and 
extraction  with  water,  sodium  tungstate  NasW04,2HtO  is  secured. 
It  is  used  as  a  mordant  and  for  rendering  muslin  fireproof.  Acids 
precipitate  tungstic  add  HaWO(,HiO  from  solutions  of  tbb  salt.  The 
element  ^ves  the  oiides  WOi  and  WOg,  the  latter  being  formed  by 
'ignition  of  tungstic  acid.  The  chlorides  WCli,  WCU,  WCls,  and 
WC1«  are  known,  the  last  being  formed  directly,  and  the  others  by 
reduction. 

The  metal  has  important  uses,  and  the  annual  production  is 
greater  than  the  total  of  all  the  metals  which  follow  it  in  the  list  on 
p.  645.  The  metal  (density  19.6)  can  be  liberated  by  reduction  of 
the  oxide  by  hydrogen  or  by  carbon.  It  has  a  higher  melting-point 
(3540°)  than  has  any  other  metal,  and,  on  this  account,  and  because 
it  is  less  volatile  than  carbon,  is  now  used  for  filaments  in  electric 
lamps.  A  carbon  filament  also  requires  3.25  watts  per  candle  power 
while  a  tungsten  filament  uses  only  1.25  watts  per  1  c.-p.  and  lasts 
twice  as  long.  The  powdered  metal  obtained  by  reduction  can  be 
pressed  into  wire  form  and  then  rolled  while  strongly  heated  by  an 
electric  current  until  a  compact  wire  is  obtained.  The  metal  can  also 
be  obtained  in  massive  form  by  reducing  the  oxide  with  alumimum, 
provided  the  crucible  and  mixture  are  heated  stroi^ly  in  advance. 
In  1914,  in  the  United  States  alone,  about  a  hundred  million  tung- 
sten lamps  were  manufactured.  Shop  work  has  been  almost  revolu- 
tionized by  the  use  of  tungsten  steel  tools,  which  can  be  used  at 
high  speed  and,  even  when  thus  heated  red  hot  by  friction,  retain 
thdr  temper.     Tungsten  steel  contains  tungsten  (16  to  20  per  cent), 
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carbon  (0.55  to  0.75  per  cent),  chramium  (2.5  to  5  per  cent),  and 
vanadium  (0.35  to  1.5  per  cent). 

Uranium.  —  Rtchblende,  which  contains  the  oxide  UiOg  along 
with  smaller  amounts  of  many  other  elements,  is  found  mainly  in 
Joachimsthal  (Bohemia)  and  in  Cornwall.  Camotite,  a  urauate  and 
vanadate  of  potassium  KiO,2UOi,ViOt,3H90,  occurs  in  Colorado. 
Pitchblende  is  roasted  with  lime,  the  calcium  uranate  CaTJ04  thus 
formed  is  decompoeed  with  sulphuric  acid,  giving  imujl  xu^^hate 
UOtSOt.  When  excess  of  sodium  carbonate  is  added  to  the  solution 
of  the  latter,  the  foreign  metals  are  precipitated  and  iodlum  diumiat« 
NaiUiOT,7HiO,  which  is  also  thrown  down,  dissolves  in  the  excess  as 
NaaUO,. 

After  filtration,  the  diuranate  of  sodium  is  reprecipitated  by 
neutralizing  with  sulphuric  acid  and  boiling.  This  salt  is  used  in 
making  unnlum  glau,  which  shows  a  yellowish-green  fluorescaice. 
The  property  is  due  to  the  fact  thit  the  wave-length  of  part  of  the 
iavidble,  ultra-violet  rays-  of  the  sunlight  are  lengthened,  and  a 
greenish  light  is  therefore  in  excess.  The  osldfls  are  UOi  a  baac  oxide, 
UiOi,  UiOj  the  most  stable  oxide,  UOi  uranic  anhydride,  and  UO*  a 
peroxide. 

When  the  oxide  UOi  is  treated  with  acids,  it  fpves  uranous  salts 
such  as  onuunu  lu^ihate  U(SO()i,4HtO.  Uranic  anhydride  and 
uranic  acid  interact  with  acids,  giving  basic  salts,  such  as  UOj804,- 
SlHiO,  and  U0i(N0,),,6H^,  which  are  named  ur«i^  Bulphate, 
ontD^  nltratfl,  and  so  forth.  They  are  yellow  in  color,  with  green 
fluorescence.  Ammonium  sulphide  throws  down  the  brown,  unstable 
uisoyl  sulphide  UOiS  from  their  solutions. 

Radioactive  Eleuents 

Histoiicat.  —  We  have  seen  (p.  469)  that  in  an  evacuated  tube, 
through  which  an  electric  discharge  is  passed,  the  "rays"  emanat* 
ing  from  the  cathode  (oathods  r^i)  strike  the  anti-cathode  and 
the  glass  b^ond  it.  Cathode  rays  were  discovered  by  Sir  William 
Crooks  (187S),  and  later  were  shown  to  con^st  of  particles  of  n^a- 
tive  electricity  or  eloetnmi,  each  havii^  a  mass  about  t^d  of  that 
of  an  atom  of  hydrogen.  They  produce  in  the  glass  a  greenish- 
yellow,  fluorescent  light.  Hontgem  (1895)  accidentally  discovered 
that  this  light  (X-rays)  penetrated  paper,  Qeeh,  and  other  materials 
composed  of  elements  of  low  atomic  weight  and  acted  upon  photo- 
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graphic  plates.    In  1896  Henri  Becquerel  observed  that  minerals 
contajning  uranium  gave  off  a  sort  of  radiation  which  could  pene- 
trate black  paper,  that  was  opaque  to  ordinary  light,  and  reduce 
the  nlver  bromide  on  a  photf^rapbic  plate  placed  beneath  the 
papers.    He  also  discovered  that  an  elec- 
trometer (Fig.  161),  in  which  the  gold  leaves 
had  been  caused  to  separate  by  charging 
with  electricity,  lost  its  charge  rapidly  when 
the  uranium  ore  (or  salt)  was  brought  near 
(3-4  cm.)  to  the  knob  connected  with  the 
leaves.    The  uranium  material  rendered  the 
wr  a  conductor  ("ionized"  the  air)  and 
this  effect  permitted  the  escape  of  the  elec- 
p,a.  lai.  t"c   chflj^,  which  otherwise  would  have 

been  retained  for  a  considerable  time.  In 
the  quantitative  measurement  of  radioactivity,  we  now  compare  the 
times  required  for  the  discharge  of  an  electroscope  by  different 
specimens  of  radioactive  matter.  The  p.reseuce  of  10~"  g.  of  such 
matter  can  thus  be  detected. 

The  radioactivity  of  every  pure  uranium  compound  is  propor- 
tional to  its  uranium  content.  The  ores  are,  however,  relatively 
four  times  as  active.  This  fact  led  M.  and  Mme.  Curie,  just  after 
1896,  to  the  discovery  that  the  pitchblende  residues,  from  which 
practically  all  of  the  uranium  had  been  extracted,  were  neverthe- 
less quite  active.  About  a  ton  of  the  very  complex  residues  having 
been  separated  laboriously  into  the  components,  it  was  found  that 
a  large  part  of  the  radioactivity  remained  with  the  sulphate  of  barium. 
From  this  barium  sulphate,  a  product  free  from  barium,  and  at  least 
one  million  times  more  active  than  uranium,  was  finally  secured  in 
the  form  of  the  bromide.  The  nature  of  the  spectrum  and  the  chemi- 
cal relations  of  the  element,  now  nanied  radium,  placed  it  with  the 
metab  of  the  alkaline  earths.  The  ratio  by  weight  of  chlorine  to 
radium  in  the  chloride  is  35.46  :  113,  so  that,  on  the  assumption  that 
the  element  is  bivalent,  its  chloride  is  BaCli  and  its  atomic  weight  is 
226.  With  this  value  it  occupies  a  place  formerly  vacant  in  the 
periodic  table. 

In  1910  Mme.  Curie  obtained  metallic  radium  by  electrolysing 
a  solution  of  radium  chloride,  using  a  mercury  cathode,  and  ex- 
pelling the  mercury  by  distillation.  It  was  a.  white  metal  (m.-p. 
700°)  which,  like  calcium,  quickly  tarnished  in  the  air  and  displaced 
hydrogen  from  water. 
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The  Nature  of  the  "Raya,"  —  Many  properties  show  that 
the  "raye"  emitted  by  compounda  of  uranium  and  of  radium  are 
of  three  kinds.  They  are  most  sharply  distinguished  from  one 
another  when  allowed  to  pass  through  a  powerful  magnetic  field. 
The  alpha-r^s  are  poEitively  charged  and  are  bent  in  one  direction 
while  the  bat&-n;i  are  negative  and  are  bent  in  the  other.  The 
gunma~nyi  are  not  affected. 

The  fttphOr-nyB  are  atoms  of  heliom  (p,  511)  thrown  off  in  stT^gbt 
lines  with  varying  initial  velocities,  avera^ng  about  one-tenth  that 
of  light  (aay,  30,000  kilometers  per  second.  The  ce-particlea  from 
Ra-C,  e.g.,  19,220  kilom.  per  sec).  Each  such  atom  bears  a  double 
positive  charge  (the  unit  being  the  charge  on  a  univalent  positive 
ion),  and  a  delicate  electroscope  readily  indicates  the  entrance  of  a  ~ 
sngle  atom.  These  alpha^particles.  be^g  each  four  times  as  heavy 
as  an  atom  of  hydrogen,  plough  their  way  thrmtgh  tens  of  thousands 
of  air-molecules  and  usually  go  about  3-^  cm.  be- 
fore being  stopped.  The  emission  of  atoms  of 
helium  can  be  detected  by  means  of  Crookes  tpln- 
tharlscope   (Fig.   162).      The   particle  of   radium 

bromide  is  at  B,  and  some  of  the  charged  helium  

atoms  strike  a  surface  C  covered  with  zinc  sul- 
phide, producing  faint  fiashes  of  light.  The  lens  A  minifies  the 
flashes  and  the  latter  can  be  seen  in  a  dark  room  after  the  eye  has 
become  thoroughly  rested  (15-20  minutes).  The  helium  gas  given 
off  by  radium  compounds  was  collected  by  Soddy,  working  in  Ram- 
say's laboratory  and  identified,  and  its  rate  of  production  was  meas- 
ured. The  amount  was  equal  to  158  cubic  mm.  per  1  g,  of  radium 
per  year. 

The  alpha^particlos,  in  pasedng.  through  the  air-moleculea,  ionize 
the  air,  and  the  ionized  air  has  the  same  power  that  dust  possesses 
(p.  505)  of  affording  nuclei  on  -which  moisture  can  condense.  Hence, 
when  a  particle  of  a  radium  compound  is  supported  in  a  flask  eon- 
buning  (ur  saturated  with  moisture,  and  the  air  is  suddenly  cooled  by 
expanmon,  the  paths  of  the  particles  become  lines  of  fog.  With 
powerful  illumination,  the  fog-trackg  (Fig.  163)  can  be  photographed 
(C.  T.  R,  Wilson),  and  the  lengths  of  the  paths  can  be  measured. 

The  bota-partioles  are  •iMtrons  (p.  354),  or  unit  chaises  of  nega^ 
tive  electricity,  and  are  shot  out  with  a  velocity  approaching  that 
of  light  (300,000  kiloms.  per  sec).  Th^  are  therefore  identical 
with  cathode  rays,  but  move  many  times  more  rapidly.  Being  very 
light  (weight,  -niVir  ot  an  atom  of  hydrogen),  their  paths,  althou^ 
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straight  at  first,  soon  become  tortuous  owii^  to  collisioiis  with  the 
relatively  massive  air-molecules.  Half  of  them  are  lost  after  going 
about  4  cm.  Their  fog  tracks  are  fainter  than  arp  those  of  the  a- 
particles  and  extremely  tangled.  Being  much  lighter  than  o-particles, 
their  paths  are  actually  coiled  into  circles  or  spirals  by  a  magnetic  field. 

The  Kfttmna-r^s  are  identical  with  X-rays  (vibrations  in  the 
ether  of  short  wave-length,  p.  469),  and 'are  produced,  hlce  the  latter, 
by  the  impacts  of  the  electrons  on  the  surrounding  matter. 

The  helium  atoms  are  almost  all  stopped  by  a  sheet  of  paper  or 
by  aluminium  foil  0.1  mm.  thick.  The  electrons  have  greater 
penetrating  power,  many  passing  through  gold-leaf,  but  being  prac- 
tically all  stopped  by  a  sheet  of  aluminium  1  cm.  thick.  The  gamma- 
rays  (X-rays),  however,  are  able  to  penetrate  relatively  thick  layers 
of  metals  and  other  materials  of  low  atomic  weight. 

One  of  the  most  striking  facts  b  that  the  stoppage  by  the  air  of 
80  many  rapidly  moving  particles  results  in  the  production  of  much 
heat.    One  gram  of  radium  would  produce  about  120  cal.  per  hour. 

Dinntegration.  —  The  emis^on  of  atoms  of  helium  and  of 
electrons  was  first  explained  by  Rutherford  (1902-3),  then  of  McGUl 
Univermty,  Montreal,  as  being  due  to  the  spontaneous  disintegration 
of  the  atoms  of  uranium,  radium,  and  other  radioactive  elements. 
Thus,  Rutherford  was  the  first  to  show  that  radium  compounds 
produced  a  gaseous  substance  called  the  radium  emanation  (niton), 
which  was  the  residue  left  after'  the  emis.'don  of  one  atom  of  helium 
from  an  atom  of  radium.  This  gas  was  itself  radioactive  and  under- 
went further  disintegration,  depositing  a  solid  radioactive  residue 
on  bodies  in  contact  with  it.  Furthermore,  every  known  uranium 
ore  contains  radium  (McCoy)  and  radium  emanation  (Boltwood)  in 
amounts  proportional  to  the  uranium  content.  Also,  after  the  radium 
has  been  remoTcd,  the  pure  uranium  compound  pves  off  at  first  only 
a-particles,  but  gradually  recovers  its  whole  radioactivity  and  is  then 
found  to  contain  radium  emanation  once  more  (Soddy).  It  thus 
appears  that  uranium  is  the  starting  point,  and  that  the  disintegra- 
tion proceeds  by  steps,  producing  a  number  of  different  products. 
Each  of  these  is  formed  from  one  such  product  and  by  didntegration 
fumishee  another. 

Unlike  ordinary  chemical  change,  the  rate  of  disintegration  is 
not  affected  by  conditions-  It  can  neither  be  started  nor  stopped  at 
will.  It  ia  no  more  vigorous  at  2000°  than  at  —200°.  Other 
changes  occur  between  atoms,  these  vrithin  each  atom. 
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The  hiw^  due  also  to  Rutherford,  describing  the  rate  at  which 
any  one  radioactive  element  disintegrates  is  simple.  Only  a  certain 
fraction  of  the  whole  of  any  one  specimen  undei^oes  the  change  in 
unit  time.  Thus,  as  the  total  amount  diminishes  because  of  the 
change,  the  amount  changing  during  the  next  unit  of  time,  beii^ 
a  constant  fraction  of  the  whole,  must  be  less.  Hence  an  infinite 
time  would  be  required  for  the  complete  disintegration  of  any  one 
specimen.  For  convenience,  therefore,  it  is  sometimes  the  custom 
to  pve  as  a  specific  property  of  each  radioactive  element  the  time 
required  for  the  decay  of  half  its  amount  and  therefore  the  loss  of 
half  of  its  radioactivity.  More  usually,  the  property  given  is  the 
one  called  ths  aTenge  Ufa  cS  tho  elament.  The  value  of  this  is  equal 
to  the  inverse  of  the  fraction  disintegrating  per  unit  time,  and  is 
about  1.44  times  the  period  of  half  change.  Numerically  it  is  the 
sum  of  the  separate  periods  of  future  existence  of  all  the  atoms 
divided  by  the  number  of  such  atoms  present  at  the  starting  point. 

Radium  emits  helium  atoms  at  the  rate  of  3.4  X  10^"  per  gram 
per  second.  From  this  fact,  we  can  calculate  its  average  life  to 
be  about  2400  years.  Hence,  if  it  were  not  continuously  being 
produced  (from  uranium),  the  whole  supply  would  have  been  ex- 
hausted long  before  the  earth  reached  a  habitable  condition. 

The  Vrdnium  Group  of  Rtidioactive  Elements.  —  The  fol- 

lowii^  shows  the  various  elements  produced  from  uranium  by  suc- 
cessive disintegrations.  When  a  helium  atom  or  an  electron  is 
expelled,  the  fact  is  shown  by  the  symbols  He  and  e,  respectively. 
The  first  number  below  each  element  is  the  average  life  of  that 
member  of  the  series  (y.  =  year,  d.  =  day,  b.  =  hour,  m.  =  minute, 
s.  =  second).  The  second  number  is  the  atomic  weight,  obtained 
by  subtracting  from  the  at.  wt.  of  uranium  (238.2)  the  w^bt  (4) 
of  each  helium  atom  emitted. 

U,      -*H«  +  U-Xi    ,-»e  +  U-X,-»e  +U,         -^Ho  +  Ionium 

BXIVy.  U^d.  l.Km.  BXIfl'l'.  IXlVj. 

_!S«.3  23t.l  £34.1  234.2  IMJ 

-♦H«-J-Ra-A   ->Ho-|-Ra^B 


hRa-D  -»e    +fia-E 


->H8  +  Ra     -> 

M40y. 

23S 

a  +  Niton 

GJUd 

211 

->«    +Ra-C"+ 

*    -J-Ra-C, 

21*"  "■ 

-»«    +Ra-F-» 

He  +  Pb  (end) 
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A  purified  Bait  of  uranium  recovers  half  ite  activity  in  about 
three  weeks,  and  reaches  full  equilibrium  in  from  six  monthe  to 
a  year.  An  equilibrium  is  attained  when  the  speed  at  which  each 
di^tegration  product  is  being  formed  is  balanced  by  the  equal 
Eipeed  with  which  it  is  passing  into  the  next  member  of  the  series. 
The  complex  operations  required  for  studying  all  the  members 
of  the  series  cannot  be  given  here.  It  may  be  said,  however,  that 
a  pure  uranium  salt  in  solution  ^ves  with  ammonium  caHsoii&te 
a  precipitate  which  is  wholly  soluble  in  excess  of  the  reagent.  After 
about  a  year,  another  portion  of  the  same  specimen  leaves  a  slight 
precipitate  which  is  insoluble  in  excess  and  contains  the  products  of 
diantegration,  chiefly  U-X,  which  was  first  obtained  in  this  way  by 
Crookes. 

The  radium  emanation  was  ahown  by  Ramsay  to  be  one  of  the 
inert  gases  (p.  511),  and  was  renamed  niton.  Its  density  was  de- 
termined experimentally  with  a  small  sample,  i^ng  a  micro-balance 
capable  of  w^ghing  to  1/500,000  mgm.,  and  found  to  be  about  222A 
(deuMty  of  oxygen  =  32), 

The  end-product  of  the  disint^piation  is  lead,  and  all  uranium 
ores  contain  lead.  Lead  from  other  sources  ^ves  a  chloride  FbCli 
in  which  207.20  parts  of  lead  are  combined  with  2  X  35.46  parte 
of  chlorine.  The  atomic  weight  207.Z  cannot,  however,  be  reached 
by  subtracting  a  whole  number  of  atomic  weigbte  of  helium  from  the 
atomic  weight  of  uranium,  the  number  206  bang  obtained  instead. 
Recently,  lead  chloride  prepared  from  the  lead  found  in  various  ores 
of  uranium  has  been  analyeed  by  Richards  of  Harvard,  as  well  as, 
independently,  by  two  other  chemists,  and  the  atomic  wraght  of  this 
lead  was  found  to  be  from  206.1  to  206.8  in  different  samples.  This 
lead  chloride  has  properties  identical  with  those  of  ordinary  lead 
chloride  and  is,  therefore,  by  definition,  the  same  substance.  Hence 
these  investigations  have  revealed  the  first  known  exception  to  the 
law  of  definite  proportions.  Metallic  lead  from  radium  ores  has  the 
density  11.288  (Richards,  1916),  however,  that  of  ordinary  lead  bdng 
11.337  (19.94°),  which  gives  the  same  atomic  volume  for  both.  The 
spectra  of  these  leads  are  identical. 

Since  the  initial  (U)  end  final  (Fb)  materials  are  both  electrically 
neutral,  it  must  be  assumed  that  at  some  stages  more  than  one  electron 
per  atom  is  expelled.    8He++  are  lost  and  therefore  16«~, 

Additional  Data.  —  The  yield  of  radium  is  very  smalt.  6000 
kg.  of  pitchblende,  after  extraction  of  the  uranium,  yield  about 
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2000  kg.  of  residue.  This  affords  about  3  to  .8  kg.  of  the  mixture 
of  radium  and  barium  sulphates,  from  which  0.2  g,  of  pure  radium 
bromide  can  be  prepared. 

One  gram  of  uranium,  after  it  has  produced  the  equilibrium 
proportion  of  radium  (attout  3.2  X  10^^  g.)i  gives  off  helium  at 
the  rate  of  1  c.c.  in  sixteen  toillion  years.  Since  the  mineral  fei^- 
sonite  contains  26  c.c.  of  accumulated  helium  for  every  gram  of 
uranium,  the  samples  of  this  mineral  must  be  at  least  416  million 
years  old. 

The  ctunplete  diant^ration  of  1  c.c.  of  niton  to  lead  would 
deliver  about  seven  million  calories,  but,  of  course,  the  liberation 
of  the  heat  would  be  spread  over  a  great  length  of  time. 

Chemical  Actimia  of  the  "Raya."  —  The  radiations  which 
are  most  active  in  ionizing  air  and  in  acting  upon  photographic 
{dates  are  the  o-particles.  These  particles  also  cause  the  flashes 
of  %ht  when  they  encounter  zinc  sulphide.  The  radiations  change 
the  colors  of  minerals,  including  gems,  and  ^ve  a  deep  violet  color 
to  the  glass  tube  containing  the  specimen.  They  also  turn  atmos- 
pheric oxygen  in  part  into  ozone  and,  in  solution,  produce  traces  of 
hydrogen  peroxide  in  the  water. 

The  radiations  also  destroy  minute  organisms  and  kill  the  cells 
of  the  skin,  producing  sores.  They  have  been  employed  tn  the 
treatment  of  lupus  and  of  superficial  cancerous  growths. 

Other  Radioactive  Series.  —  Thorium,  found  as  phosphate  in 
monazite  sand,  is  also  radioactive  and  furnishes  a  series  of  didnte- 
gration  products.  The  final  material  is  a  salt  of  lead.  Analyas 
of  the  chloride  of  lead  made  from  traces  of  the  element  found  in  all 
thorium  minerals  shows  that  the  atomic  weight  (Soddy)  is  208.4, 
while  that  of  ordinary  lead  is  207.2.  The  atom  of  thorium  (at.  wt. 
232.4)  thus  loses  6He  (=  6  X  4  =  24)  durii^  the  disint«^tJOD. 
There  are  thus  three  chlorides  of  lead  with  identical  properties,  but 
different  compositions,  munely,  the  common  one  2(>7.2  :  2X35.46, 
that  from  radium  206  :  2x35.46,  and  that  from  thorium  208.4  : 
2X35.46. 

Actinium  and  polonium  are  also  radioactive  elements,  which 
have  not  yet  been  fully  investigated.  The  former  appears  to  be 
formed  by  a  second,  parallel,  disintegration  of  Ui,  and  the  latter 
in  a  similar  way  from  Ra-E.  Compounds  of  potassium  and  rubidium 
show  traces  of  radioactivity. 
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Sign^icance  of  Radioactivity.  —  The  Brownian  movement 
(p.  622)  has  revealed  to  us  bodies  intermediate  between  ordinary 
particles  and  angle  molecules,  and  has  enabled  us  to  estimate  the 
actual  weight  of  molecules.  Radioactivity  enables  us  to  count 
charged  molecules  of  helium  as  they  enter  the  electroscope  or  produce 
Sashes  of  light  on  zinc  sulphide,  and  the  f<^-tracks  permit  uS  to 
follow  their  movements.  There  is  thus  now  no  question  that  mole- 
cules and  atoms  are  real.-  Furthermore,  we  infer  that  all  kinds  of 
atoms  are  composed  of  a  poative  nucleus  (p.  470}  surrounded  by 
electrons,  although  only  the  atoms  of  radioactive  elements  are  un- 
stable. The  diameter  of  the  poative  nucleus  of  a  hydrogen  atom  is 
calculated  to  be  about  yVlm  of  that  of  an  electron.  Rutherford  has 
confirmed  this  by  actual  measurement.  The  atom  is  thus  no  longer 
regarded  as  being  solid  and  continuous  in  structure.  It  is  mainly  a 
vacuum,  containing  a  few  relatively  very  minute  bodies  possessing 
w^ght.  The  fact  that  a-particles  are  thus  able  to  plough  their  way 
throi^h  molecules  of  oxygen  and  nitn^en,  b^ng  diverted  from  a 
straight  path  only  when  they  happen  to  pass  very  close  to  the  podtive 
nucleus  (which,  of  course,  repels  the  positive  a-particles),  is  no 
longer  mysterious. 

Another  interesting  conclumon  has  been  reached  from  the  ob- 
servation that  niton  is  found  in  the  soil  and  in  many  natural  waters. 
Calculation  shows  that  the  heat  given  off  by  the  didntegration  of 
the  amounts  of  radioactive  matter  known  to  exist  in  the  crust  of  the 
earth  is  alone  sufficient  to  account  for  the  maintenance  of  the  tem- 
perature of  the  planet.  A  globe  of  the  dze  and  material  of  the  earth, 
possessing  ori^nally  only  heat  energy,  and  cooling  from  a  white  hot 
condition  to  the  temperature  of  interstellar  space,  would  have  passed 
through  the  stage  of  habitable  temperatures  in  a  much  shorter  time 
than  that  which  a  study  of  the  geological  deposits  (and  the  fossib 
they  contain)  show  to  have  been  actually  available.  The  discovery 
of  the  enormous,  but  gradually  released  disintegration  energy  of  the 
radioactive  elements  enables  us  now  to  explain  the  prolonged,  period 
during  which  hfe  has  existed  on  the  earth. 

-  Exercuea.  —  1.  Construct  equations,  showii^  the  interactions 
of:  (a)  chromic  oxide  and  aluminium,  (b)  strontium  nitrate  and 
potassium  dichromate  in  solution,  (c)  potasdum  hydroxide  and 
chromic  hydroxide,  and  the  reversal  on  boiling,  (d)  chlorine  and 
potassium  chromite  in  excess  of  alkali  (what  is  the  actual  ojddiiing 
agent?). 

DolizodbyGoOglf 


874  INORGANIC  CHEMISTRY 

2.  What  volume  of  oxygen  at  0°  and  760  mm.,  (a)  is  obtainable 
from  one  formula-weight  of  potasaium  dichromate  (par.  4,  p.  858), 
(b)  is  required  to  oxidize  one  formula-weight  of  chromoua  chloride? 
'  3.  To  what  classes  of  actions  should  you  assi^  the  three  methods 
of  making  chromic  oxide  (p.  861)7 

4.  Make  equations  for  all  the  reactioaa  involved  in  the  prepa- 
ration of  sodium-diuranate  from  pitchblende. 

5.  How  many  candle  power  will  be  obtained  from  50-watt 
carbon  and  tungsten  filament  lamps,  respectively? 

6.  Point  out  the  resemblance,  and  the  differences  between  the 
reactions  of,  (a)  gold  with  aqua  regia,  (b)  calcium  oxalate  with  hydro- 
chloric add,  (c)  barium  chromate  with  nitric  acid  (p.  880). 
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CHAPTER  XUn 

BUHOANESE 

The  Chemical  Relations  of  the  Element.  —  Manganese 
stands,  at  present,  alone  on  the  left  tdde  of  the  eighth  column  of  the 
■  periodic  table.  The  right  ade  is  occupied  by  the  halogens.  It  is 
never  univalent,  as  are  the  halogens,  but  its  heptoxide  MniOr  and  the 
corresponding  acid,  permanganic  acid  HMnOi,  are  in  many  ways 
closely  related  to  the  heptoxide  of  chlorine  and  perchloric  acid  HCIO*. 
Of  the  lower  oxides  of  loai^anese,  MnO  is  bamc,  and  MnjO)  feebly 
ba^c.  MnOi  is  feebly  acidic,  MnOt  more  strongly  ao,  and  perman- 
ganic acid  (from  MnjOr)  is  a  very  active  acid.  Contrary  to  the  habit 
of  feebly  acidic  and. feebly  basic  oxides,  such  as  those  of  zinc,  alumin- 
ium, and  tin,  the  ba«c  oxides  of  manganese  are  not  at  all  acidic,  and 
the  acidic  oxides,  with  the  exception  of  MnOj,  are  not  also  barac. 
There  are  thus  the  five  following,  rather  well-defined  sets  of  com- 
pounds, showing  five  different  valences  of  the  element.  Of  these  the 
first,  fourth,  and  fifth  are  the  most  stable  and  the  most  important. 

1.  HaDganoUfl  (KmqioundB.  MnO,  Mn(OH}i,  MnSOt,  etc.  These 
compounds  resemble  those  of  the  magnedum  family  (»id  those  of 
Fe++).  The  salts  of  weak  acids,  such  as  the  carbonate  and  sulphide, 
are  eataly  made,  and  there  is  little  bydroly^s  of  the  halides.  The 
salts  are  pale-pink'  in  color. 

2.  TWaiiffaito  oompounds,  Mnid,  Mn(OH)i,  Mni(SOt)t,  IMnOt]. 
The  salts  resemble  the  chromic  and  aluminium  salts  in  behavior,  but 
are  even  less  stable  than  are  those  of  quadrivalent  lead,.  They  are 
completely  hydrolyzed  by  little  water.     The  salts  are  violet  in  color. 

3.  Manfanttas,  MnOt,  H]MnO,,  CaMnO,.  The  alkali  manga^ 
nites  are  strongly  hydrolyzed,  like  the  plumbates  and  the  stannates. 

4.  HancMutM,  MnO,,  H,MnO.,  K^MnOi.  The  salts  resemble 
the  sulphates  and  cbromates,  but  are  much  more  easily  hydrolysed. 
The  free  acid  resembles  chloric  acid  (p.  483)  in  that,  when  it  decom- 
poses, it  yields  a  higher  add  (HMnOO  and  a  lower  oxide  (MnOi). 
The  salts  are  green  in  color. 

5.  Pennanganatw,  MniOi,  HMnO*  (bydrated),  KMnO*.  The 
salts  resemble  the  perchlorates,  and  are  not  hydrolyzed  b^  water. 
They  are  reddish-purple  in  color. 
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It  will  be  seen  that  the  element  manganese  changes  its  character 
totally  with  change  in  valence,  and  in  each  form  of  combination 
resembles  some  set  of  elements  of  valence  identical  with  that  which  it 
has  itself  assumed.  Since  the  valence  represents  the  number  of 
electrons  gained  or  lost  by  each  atom  (p.  793),  it  is  thus  evident 
that  the  chemical  properties  of  an  element  depend  more  upon  the 
electrical  constitution  of  its  atom  than  upon  the  atomic  weight. 
The  latter  is  a  secondary  property,  dependent  on  the  former  (c/. 
p.  470). 

Occurrence  and  laolation.  —  The  chief  ore  is  the  dioxide, 
pyrolusite  MnOt,  which  always  contains  compounds  of  iron.  Other 
manganese  minerals  are:  braunite  MusOi;  the  hydrated  form,  man- 
gamteMnO(OH);  hausmanniteMiigOt;  and  mai^nese  spar  MnCOt- 
The  last  is  isomorphous  with  calcite.  The  metal  is  most  easily  made 
by  reducing  one  of  .the  oxides  with  aluminium  by  Qoldschmidt's 
method. 

Physical  and  Chemical  Properties.  —  The  metal  manganese 
(m.-p.  1260°)  has  a  grayish  luster  faintly  tilled  with  red.  It  is  oxi- 
dized superficially  by  air,  and  easily  displaces  hydrogen  from  dilute 
acids,  giving  manganous  salts.  Its  alloys  with  iron,  such  as  spinel 
iron  (5-15  per  cent  Mn)  and  ferro-manganese  (70-80  per  cent  Mn), 
are  made  by  u^ng  manganese  ores  with  the  charge  in  the  blast  fur^ 
nace,  and  are  added  to  the  iron  in  making  special  steels.  1fflTl^"^''^ 
itefll  (7-20  per  cent  Mn)  is  exceedingly  hard,  even  when  cooled  slowly. 
It  is  used  for  the  jaws  of  rock  crushing  machinery  ^.nd  for  burglar- 
proof  safes.  Wire,  made  of  an  alloy  called  "■■"y*"'"  (Cu  84  per 
cent,  Ni  4  per  cent,  Mn  12  per  cent),  invented  by  Weston,  is  used  in 
instnmients  for  making  electrical  measurements,  because  its  reastance 
does  not  alter  with  moderate  changes  in  temperature. 

'  Oxides,  —  Hauganous  oiido  MnO  is  a  green  powder,  made  by 
reducing  any  of  the  other  oxides  with  hydrogen.  HaiMmannif 
MnjO*  Is  dull  red.  An  oxide  having  this  composition  is  formed  when 
any  of  the  other  oxides  is  heated  in  air,  oxidation  or  reduction,  as  the 
case  may  he,  taking  place  ((^.  p.  832).  This  oxide  corresponds  to 
nunium  FbjO^  (p.  832)  rather  than  to  Fet04,  for  mth  dilute  acids 
it  gives^  soluble  manganous  salt  and  a  precipitate  of  the  dioxide: 

MnjMnO*  +  4HN0,  -*  2Mn(N0,)»  +  H^MnCi. 
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The  hydrated  dioxide  HiMnO^  subsequently  loses  water.  Haus- 
mannite  also  forms  square  priBmatic  crystals.  In  view  of  its  behavior 
with  acids  and  its  crystalline  form,  it  is  thought  to  be  an  orthoman- 
ganite  of  manganese  MntMn04,  rather  than  a  derivative  of  manganic 
oxide,  Mn(MnOi)i,  which  would  be  a  spinelle  (p.  812).  The  mag- 
netic oxide  of  iron  Fe(FeOi)i  belongs  to  the  r^ular  system,  like  the 
spinelles.  Mangwilo  ozlde  MniOs  is  brownish-black,  and  is  formed 
by  heating  any  of  the  oxides  in  oxygen.  In  dilute  acids  it  behaves  as 
if  it  were  a  manganite  of  manganese  Mn.MnOt,  for  it  gives  a  man- 
ganous  salt  and  manganese  dioxide.  Yet  compounds  <A  trivalent 
manganese  are  known,  and  this  may  be  one. 

Hanffanwe  dioxide  MnOs  is  black,  and  is  most  easily  prepared  in 
pure  condition  by  gentle  ignition  of  manganous  nitrate.  The  hy- 
drated forms  of  the  oxide  are  produced  by  reactions  like  those  just 
mentioned,  and  by  adding  a  hypochlorite  or  bypobromite  to  man- 
ganous hydroxide  suspended  in  water.  Manganese  dioxide  is  not  a 
peroxidate  (p.  318).  That  is  to  say,  it  does  not  contain  the  radical 
(Oj)  and,  therefore,  does  not  give  hydr<^en  peroxide.  Its  reactiim 
formula  is  Mn(0)i  not  Mn(Oi)  and  in  double  decompositionB  it 
yields  only  water  Hi(0),  In  glass-making  (p.  726),  it  is  em[)loyed 
to  oxidize  the  green  ferrous  silicate,  derived  from  impurities  in  the 
sand,  to  the  pale-yeliow  ferric  compound.  The  amethyst  color  of 
the  manganic  sibcate  which  is  formed  tends  to  neutralize  this  yellow. 
The  dioxide  forme  the  depolarizer  in  the  Leclanch^  cell  (p.  797). 
It  is  mixed  with  black  paints  as  a  "dryer"  (oxidizing  agent). 

HanguMu  Moxid«  MnO)  is  a  red,  unstable  powder.  Mangiinnnii 
h«ptoxid*  MniO?  is  a  brownish-green,  volatile  oil  (see  below). 

When  any  of  these  oxides  is  heated  with  an  add,  a  manganous  salt 
is  obtained.  Salts  of  this  class  are,  in  fact,  the  only  stable  substances 
in  which  manganese  is  combined  with  an  acid  radical.  In  this  action 
the  oxides  containii^  more  oxygen  than  does  MnO  give  off  oxygen, 
or  oxidize  the  acid  {cf.  p.  219).  When  the  oxides  are  heated  with 
bases,  in  the  presence  of  air,  manganates  are  always  formed.  With 
the  oxides  contMning  a  smaller  proportion  of  oxygen  than  MuOj, 
oxygen  is  taken  from  the  lur. 

Manganous  Compounds.  —  The  mar^anous  salts  are  formed 
by  the  action  of  acids  upon  the  carbonate  or  any  of  the  oxides.  Thus 
the  chlcHlde  MnCl!,4IIiO  is  obtained  in  paJe-pink  crystals  from  a 
solution  made  by  treating  the  dioxide  with  hydrochloric  acid  and 
driving  off  the  chlorine  liberated  by  oxidation  (p.  219).     The  bj^ 
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drozlda  Md(OH)i  ia  formed  aa  a  white  precipitate  when  a  soluble 
base  is  added  to  a  solution  of  a  manganous  stdt.  This  body  [)as9es 
into  solution  when  ammonium  salts  are  added,  and  cannot  be  pre- 
cipitated in  their  presence  on  account  of  the  formation  of  molecular 
ammonium  hydroxide  and  the  suppreedon  of  the  hydroxide-ion 
(cf,  magnesium  hydroxide,  p.  766).  The  hydroxide  quickly  daikens 
when  exposed  to  the  air  and  passes  over  uito  hydAted  manganic 
oxide  MnO(OH). 

Manyanfna  sulphate  ^ves  pink  crystals  of  a  hydrate.  Below  6° 
the  solution  deposits  MnSO*,7HsO,  which  is  a  vitriol  (p.  771),  Be- 
tween 7°  and  20°  the  product  is  MnS0i,5H,0,  asymmetric  and  isomor- 
phous  with  CuSOi,5HiO.  Above  25°  monosymmetnc  prisms  of 
MnS0»,4H^  are  obtained.  These  hydrates  have  different  aqueous 
tendons  and  may  he  formed  from  one  another  by  lowering  or  raldi^ 
the  pressure  of  water  vapor  around  the  substance  (p.  i53).  The 
agnificance  of  the  temperatures  proper  to  the  crystallization  of  each 
W-  PP-  688,  728,  744)  is  that  a  given  solid  hydrate  can  be  formed 
only  in  a  solution  which  is  saturated  with  respect  to  tliat  hydrate 
and  has  the  same  aqueous  tension  as  the  hydrate.  These  conditions 
are  necessary  to  that  state  of  equilibrium  between  the  solution  and 
the  hydrate  on  which  the  co-existence  of  solution  and  hydrate  during 
crystallization  depends  (cf.  p.  195).  Hence  the  hydrates  with  the 
larger  proportions  of  water,  and  the  higher  aqueous  tensions,  are 
formed  in  the  colder  solutions  wliich  contain  less  of  the  solute  when 
saturated  and  have  therefore  at  a  given  temperature  themselves 
relatively  high  aqueous  tendons. 

The  presence  of  a  foreign  dissolved  body,  «nce  it  will  lower  the 
vapor  tenaon  of  the  solution,  hiay  similarly  cause  the  formation  of  a 
lower  hydrate.  Thus,  at  the  ordinary  temperature,  calcium  sulphate 
solution  has  a  higher  aqueous  tension  than  gypsum,  and  therefore 
gypsum  is  deported  from  it,  and  anhydrite  will  turn  into  gypsum  if 
placed  in  it.  But  calcium  sulphate  solution  contmning  much  of  the 
chlorides  of  sodium  and  magnesium  has  a  lower  aqueous  tension  than 
gypsum,  and  so  anhydrite  is  deposited,  and  gypsum  in  contact  with 
such  a  solution  would  lose  its  water  of  hydration.  This  explains  the 
deposition  of  anhydrite  in  the  salt  layers  {qf.  p.  717), 

Mangaiunia  carbonata  MnCOs  is  a  white  powder  formed  by  pre- 
cipitation. The  Bulptald*  MnS  is  obtained  as  a  green,  crystaHine 
powder  by  leading  hydrogen  sulphide  over  any  of  the  oxides.  A 
flesh-colored,  amorphous  variety  MnS  (often  somewhat  hydrated)  is 
more  familiar  and  is  precipitated  by  ammonium  sulphide  from  man* 
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ganous  salts.  It  interacts  with  mineral  adds  and  wren  with  acetic 
acid,  so  that  it  cannot  be  precipitated  by  hydix^^  sulphide  (tf. 
p.  774).  When  rubbed  in  a  mortar  it  becomes  crystalline,  and  is 
then  green. 

The  manganou?  salts  of  weak  acids,  such  as  the  carbonate  and 
sulphide,  darken  when  exposed  to  air  and  are  oxidised,  with  formation 
of  bydrated  manganic  oxide.  As  we  have  seen,  manganous;  hydroxide 
is  ^milarly  oxidized  and  these  salts  are  precisely  the  ones  which 
should  furnish  the  hydroxide  by  hydrolysis.  While  there  is  a  general 
resemblance  between  the  manganous  salts  and  the  stannous,  chro- 
mous,  and  ferrous  salts,  the  mai^anous  salts  of  active  acids  are  not 
oxidized  by  the  air  as  are  the.  corresponding  salts  of  the  other  three 
metals. 

Manganic  Compounds.  —  The  base  of  this  set  of  compounds, 
manganic  taydnnldo  Mn(OH)t,  is  slowly  deposited  by  the  action  of 
the  air  on  an  ammoiuacal  solution  of  a  manganous  salt  in  salts  of 
ammonium.  The  cbloitda  MnCU  is  present  in  the  liquid  obtained 
by  the  action  of  hydrochloric  acid  upon  manganese  dioxide  (t^.  p.  219), 
but  loses  chlorine  very  readily  and  cannot  be  isolated.  Double  salts, 
however,  such  as  MnCl*,2KCl  and  MnFs,2KF,2H,0,  are  known. 
Manganic  sulphato  Mni(SOi)s  is  deposited  as  a  violet-red  powder 
when  hydrated  mai^^nesc  dioxide  is  heated  with  concentrated  sul- 
phuric acid  at  160°.  It  is  deliquescent  and  is  rapidly  hydrolyzed  in 
the  cold  even  by  a  little  water^ giving  the  brownish-black  hydroxide: 

Mn,(SO,),  +  6H^  -*  2Mn(0H),  -^■  SHtSO,. 
The  cMtiiua-nianganlc  alum  Cs^<,Mnt(SOi)i,24HtO  seems  to  be 
the  most  stable  derivative. 

Mangaidtes.  —  Although  manganese  dioxide  interacts  when 
fused  with  potassium  hydroxide,  simple  salts  derived  from  HiMnOg 
(=  HiO.MnOs)  or  H^nO*  (=  2HjO,MnO,)  are  not  formed.  The 
products  are  complex,  as  KtMnsOi).  Some  less  complex  manganites 
are  fonued  in  the  Wcldon  proeeas  for  utilizing  the  manganous  chlo- 
ride, formerly  obtained  in  manufacturing  chlorine.  The  liquor  is 
mixed  with  slaked  lime,  and  air  is  blown  through  the  mass  of  calcium 
and  manganous  hydroxides  which  is  thus  obtained.  Black  man- 
ganites of  calcium,  such  as  CaMnOg  ( =  CaO,MnOi)  and  CaMn^t 
(CaO,2MnOi)  are  thus  formed: 

Ca(OH),  -H  2Mn(0H),  4-  0,  -» CaMniO»  +  m^, 
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and  when  afterwards  treated  with  hydrochloric  acid  they  behave  like 
mixtures  of  manganese  dioxide  and  calcium  oxide.  As  we  have  seen 
(p.  877),  the  oxides  MnjO*  and  MniOs  may  be  roangtmites  of  man- 


Manganates.  —  When  one  of  the  oxides  of  mai^^eae  ia  fused 
with  potaaaum  carbonate  (or  other  alkali)  and  potassium  nitrate  (or 
other  oxidizing  agent)  a  green  mass  ia  obtained.  The  green  aqueous 
extract  deports  poUuium  inang«iiat.<i  KiMnOt  in  rhombic  crystals, 
which  are  isomorphous  with  those  of  potassium  sulphate,  and  are 
almost  black: 

K,CO,  +  MnO,  +  0  -»  KjMnO*  +  C0». 

The  add  HgMiiO*,  itself  unknown,  must  be  weak,  for  the  potassiaiii 
salt  is  easily  bydrolyzed.  The  salt  remains  unchanged  in  solution 
only  in  presence  of  free  alkali,  the  hydroxide-ion  of  the  alkali  combin- 
ing with  and  suppressing  the  hydrogen-ion  of  the  water  whose  com- 
bination with  the  MnO«~  ion  constitutes  the  hydrolysis.  When  the 
concentration  of  the  hydroxide-ion  is  reduced  by  dilution,  or,  better 
still,  when  a  weak  acid  such  as  carbonic  acid  or  acetic  add  is  used  to 
neutralize  it,  the  salt  is  hydrolyzed,  according  to  the  partial  equation: 

KjMnO*  -I-  2H,0  -» 2K0H  (4-  HjMnOO.  (1) 

The  free  acid  immediately  changes  so  that  a  part  is  oxidized  to  per- 
manganic add,  giving  a  purple-red  color  to  the  solution,  and  a  part  is 
reduced  to  manganese  dioxide,  ^ving  a  black  predpitate.  The  trans- 
fonnation  Is  similar  to  that  of  chloric  acid  (p.  483).  The  equation 
may  be  made  by  noting  that  manganic  acid  has  the  compodtion 
HiO,MnOi  and  changes  so  as  to  yield  HtO,Mni07  and  MnOi.  Thus 
each  molecule  of  HjMnO*,  in  forming  a  molecule  of  MnO»,  yields 
one  unit  of  oxygen,  while  2(HsO,MnOi)  +  0  are  required  to  pve  ' 
H/),Mn.O,  +  H,0: 

3(HiO,MnO,)  ->  H»0,  Mn,Or  4-  MnO,  -f-  2H,0 
or  (SH^nOO  ->  2HMn04  -|-  MnO,  -1-  2H,0.  (2) 

In  consequence  of  the  presence  of  potassium  hydroxide  (equation  (1)) 
the  product  is  potassium  permanganate: 

2K0H  -I-  2HMn04  -*  2KMn04  +  2H,0.  (3) 

Multiplying  equation  (1)  by  3,  omitting  the  manganic  add,  and 
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adding  the  three  partial  equatjoos,  we  have  the  equation  for  the 
action  as  it  really  occurs: 

3K,MnOt  +  2H,0  -» 4K0H  +  2KMn04  +  MnO». 

To  make  the  equation  by  the  method  of  positive  and  negative 
values  (p.  493),  we  note  that  in  KiMnOj  we  have  2K+  and  40=  and 
therefore  Mn#t  to  secure  electrjcal  neutrahty.  The  latter  becomes 
MttW*"  and  Matt.  Arithmetically  3Mnttf  will  pve  ZMnttt^  and 
IMnA.  Hence,  3KtMn04  are  required,  and  2KMn04  and  IMnOi 
produced.  In  terms  of  the  ions  the  equation  is  simpler: 
3MnO*=  +  2H+  -» 20H-  +  2MnOr  +  MnO». 

The  alkaline  solution  of  potaaaum  mangsnate  interacts  readily 
with  oxidizable  substances.  Thus  oxahc  acid  is  converted  into  car- 
bonic acid,  and  alcohol  into  acetic  acid.  The  detuls  of  the  change 
depend  upon  the  amount  of  free  alkali  present  and  the  nature  of  the 
product  of  oxidation.  Lower  oxides  of  manganese  such  as  MnOi  are 
uaufdly  precipitated. 

Permangatuite*.  —  Pottiriiim  pmnaocaiute  KMn04  is  made 
t^  hydrolysis  of  the  nianganate  as  shown  above,  and  is  obtuned,  as 
purple  cry^ttals  with  a  greenish  luster,  by  evaporation  of  the  solution. 
The  crs'stals  are  rhombic  prisms,  isomorphous  with  potassium  per- 
chlorate.  To  avoid  the  loss  of  mai:«anese  thrown  down  as  dioxide, 
the  action  is  carried  out  commercially  by  pasmng  ozone  through  the 
solution  of  the  manganate: 

2K  JUnO*  +  Oi  +  H,0  -» 2KMn04  +  O,  +  2K0H. 

Sodium  parmanganato  NaMn04  is  made  in  a  omilar  manner.  Alu- 
minium permanganate  in  solution  is  sold  as  "  Condy's  disinfecting 
fluid."  This  liquid  owes  its  properties  to  the  oxidizing  power  of  the 
permanganic  acid,  formed  by  hydrolysis  of  the  salt.  Pennangaole 
aetd  is  a  very  active  acid,  that  is,  it  is  highly  ionized  in  aqueous 
solution.  A  solid  hydrate  of  the  acid  may  be  secured  in  reddish- 
brown  crystals  by  adding  sulphuric  add  to  a  solution  of  barium 
permanganate  and  allowing  the  filtrate  to  evaporate: 

Ba{Mn04)i  +  H^O*  +  iH,0  ^  BaSO^  +  2HMn04,xH,O. 

This  hydrate  decomposes,  on  being  warmed  to  32°,  and  yields  oxygen 
and  manganese  dioxide.  When  a  very  little  dry,  powdered  potassium 
pennanganate  is  moistened  with  concentrated  sulphuric  acid,  brown- 
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ish-green,  oily  drops  of  permancanio  »nhjdrld«  (manganese  hep'toxide) 
MdiOt  &re  formed.  This  compound  is  volatile,  giving  a  violet 
vapor,  and  is  apt  to  decompose  explosively  into  oxygen  and  maDganese 
dioxide.  Its  oxidizing  power  is  such  that  combustibles  like  paper, 
ether,  and  illuminating-gas  are  set  on  fire  by  contact  with  it. 

PotasBiu^  Permatigfutate  as  an  OxtdUiing  Agent.  —  The 

actions  are  different  according  as  the  substance  is  employed  (1)  in 
alkaline,  (2)  in  acid,  or  in  neutral  solution. 

1.  When  an  alkali,  such  as  potassium  hydroxide,  is  added,  the 
action  by  which  the  permanganate  is  formed  is  reversed,  and  the  acAv.- 
tion  becomes  green  from  the  production  of  the  manganate: 

4KMn04  +  4K0H  ->  4KiMn04  +  2HiO  +  O,, 
or  4MnOr  +  40H-  -*  4Mn04=  +  2H,0  +  O*. 

When  a  substance  capable  of  bdng  oxidized  is  present,  the  reduction 
proceeds  further  and  mai^;ane8e  dioxide  is  precipitated.  Schemati- 
cally: MniOf— ♦2MnOi  +  30,  so  that  two  molecules  of  the  perman- 
ganate, in  alkaline  solution,  can  furnish  three  chemical  units  of 
oxygen  to  the  oxidizable  body. 

2.  With  an  acid,  the  amount  of  oxygen  available  is  greater,  for  the 
manganous  Bait  of  the  acid  is  formed :  Mn^Or  -->  2MnO  -|-  50.  Thus 
when  sulphuric  acid  is  added  to  potassium  permanganate  solution, 
and  sulphur  dioxide  is  led  through  the  mixture,  we  have: 

2KMnO,  -f-  3HiS04-»K,S04-|-2MnS04+3H,0(+50)   (1) 

(50)  -I-  SHjSOa  —  5HtS0«  (2) 

2KMn04  +  3H,SOt-f-  5H,S0,-^K^0*  -|-  2MnS0,  +  3H^  -|-  5H,S04 

In  this  case,  unce  sulphuric  acid  is  a  product,  the  preliminary  addi- 
tion of  the  acid  was  superfluous.  In  other  cases,  the  partial  equation 
(1),  showir^  the  available  50,  remains  the  same,  while  the  other  par- 
tial equation  varies  with  the  substance  being  oxidized.  Thus,  with 
hydrogen  sulphide  as  reducing  agent,  we  have: 

(0) -H  H,S -*  H,0 -f- S     X6  (y) 

and  with  ferrous  sulphate,  we  get  ferric  sulphate: 

2FeS0,  +  H,SO,  (-1-  O)  -.  Fei(SO0*  +  H,0     X  5         (2") 

As  before,  (2')  and  (2")  must  be  multiplied  throughout  by  five,  before 
summation  is  made  (see  also  p.  320). 
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Since  the  manganous  salt  is  colorless,  the  quantity  of  a  ferrous 
salt,  or  of  hydrogen  peroxide  (p.  320)  in  a  sample  of  a  solution  may 
be  measured  by  titrating  (p.  390)  the  solution  with  a  standard 
solution  of  potassium  permanganate  until  the  color  ceases  to  be 
destroyed,  and  then  noting  the  volume  used.  For  iron,  the  standard 
solution  may  be  prepared  so  that  1  c.c.  will  oxidize  0.01  g,  of  Fe+^. 

3.  When  dry  potassium  permanganate  is  heated,  it  decomposes 
as  follows:  2KMn04  -» KuMnO*  +  MnOs  +  0,.  The  neutral  solu- 
tion resembles  that  of  potaasiiun  dichromate  in  oxidizing  substances 
which  are  reducing  agents,  but  is  more  active.  Thus  when  the 
powdered  salt  is  moistened  with  glycerine,  the  mass  presently  bursts 
into  flame.  The  fingers  are  stained  brown,  by  permanganates,  re- 
ceiving a  deposit  of  manganese  dioxide,  in  Consequence  of  the  reducing 
power  of  the  unstable  organic  sul>stanceB  in  the  skin.  The  destruc- 
tion of  minute  organisms  by  Condy's  fluid  results  from  a  similar 
action. 

Analytical   Reactions   of  Manganese    Compounds.  —  The 

ions  commonly  encountered  are  manganous-ion  Mn^^,  which  is  very 
pale-pink  in  color,  permanganate-ion  MnO^',  which  is  purple,  and 
manganate-ion  MnO*~,  which  is  green.  The  manganous  compounds 
give  with  ammonium  sulphide  the  flesh-colored  sulphide  which  inter- 
acts with  acids.  Bases  pve  the  white  hydroxide,  which  darkens  by 
oxidation,  and  interacts  with  salts  of  ammonium.  The  black,  hy- 
drated  dioxide  is  precipitated  by  hypochlorites.  All  compounds  of 
manganese  confer  upon  the  borax  bead  an  amethyst  color  (manganic 
borate)  which,  in  the  reducii^  flame,  disappears  (manganous  borate). 
A  bead  of  sodium  carbonate  and  niter  becomes  green,  the  manganate 
being  formed. 

Exerdsea. —  1.  Conader  the  valence  of  manganese  in  the 
oxides  MnjOt  and  MajOj,  on  the  theory  that  they  are  manganites. 

2-  What  do  we  mean  by  saying  that,  (a)  chromous  chloride  is 
stable  (p.  148),  but  easily  oxidized  by  the  air,  (6)  permanganic  acid 
is  an  active  acid,  (c)  permanganic  acid  is  an  active  oxidizing  agent  in 
presence  of  excess  of  an  acid? 

3.  Formulate  the  oxidations  of  hydrogen  sulphide,  of  ferrous 
sulphate,  of  oxalic  acid  (to  carbon  dioxide),  and  of  nitrous  acid  (to 
nitric  acid)  by  potassium  permanganate  in  acid  solution.  In  doing 
so,  employ  the  several  methods  suggested  on  pp.  269,  493-497. 
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CHAPTER  XLIV 

UtON,  COBALT,  HICKKL 

The  elements  iron  (Fe,  at.  wt.  55.84),  cobalt  (Co,  at.  wt.  58.97), 
and  nickel  (Ni,  at.  wt.  58.68)  are  not  corresponding  members  of 
Buccesdve  periods,  like  the  families  hitherto  considered.  They  are 
neighboring  members  of  the  first  long  period,  lying  between  its  first 
and  second  octaves  (p.  461),  and  form  a  transition  group  between  the 
adjoining  elements  within  those  octaves.  Thus,  iron  forms  ferrates 
M»'Fe"04  and  ferric  salts  Fe™Clj,  as  well  as  ferrous  salta  Fe^lj. 
These  resemble  the  chromates  and  manganates,  the  chromic  and 
mai^anic  salts,  and  the  chromous  and  manganous  salts,  respectively. 
Cobalt  forms  cobaltic  and  cobaltous  salts,  like  Coi"'{SO«)i  and  Co°Clt. 
Nickel  enters  only  into  nickelous  salts,  like  NiCU,  and  thus  links  iron 
and  cobalt  with  copper  and  zinc  which  are  both  bivalent  elements. 
The  free  metals  of  this  family  are  magnetic,  iron  showing  this  property 
strongly  and  cobalt  very  distinctly. 

Iron  Fe 

Chemieai  Relatione  qf  the  Element.  —  The  oxides  and  hy- 
droxides FeO  and  Fe(OH),,  Fe,Ot  and  Fe(OH)j  are  basic,  the  fonner 
more  strongly  so  than  the  latter.  The  ferroits  salts,  derived  from 
Fe(OH)i,  resemble  those  of  the  magnesium  group  and  those  «rf 
Cr++  and  Mn++  and  are  little  hydrolyzed.  The  ferric  salts,  derived 
from  Fe(OH)!,  resemble  those  of  Cr+++'  and  Al-""""*"  and  are  noticeably 
hydrolyzed.  Ferric  hydronde  is  even  less  acidic,  however,  than  is 
chromic  hydroxide.  Iron  gives  also  a  few  ferrates  KiFeOj,  CaFeO*, 
etc.,  derived  from  an  acid  HtFe04  which,  like  manganic  acid  H»MnO»; 
(p.  880),  is  too  unstable  to  be  isolated.  Complex  anions  containing 
this  element,  such  as  the  anion  of  K4.Fe(CN)a,  are  familiar,  but  com- 
plex cations  cOnt^nin;g  ammonia  are  unknown. 

The  ferrous  salts  differ  from  most  of  the  mai^anous  salts  and  re- 
semble the  chromous  and  stannous  salts  in  being  easily  (although 
not  quite  so  easily)  oxidized  by  the  air,  passing  into  the  ferric  con- 
dition. 
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Occurrence.  —  Free  iroD  is  found  in  minute  particles  in  some 
basalts,  and  many  meteorites  are  composed  of  it.  Meteoric  iron  can 
be  distii^uished  from  specimeoB  of  terrestrial  ori^  by  the  fact  that 
it  contains  3-8  per  cent  of  nickel.  The  chief  ores  of  iron  are  the 
oxides,  hematite  FegOt  and  magnetite  Fe^4,  and  the  carbonate 
FeCOi,  ^erite.  The  first  is  reddish  and  columnar  in  structure;  but 
black,  shining,  rhombohedral  crystals,  known  as  specularite,  are  also 
found.  Hydrated  forms,  like  brown  iron  pre  2FeiOi,3HjO,  are  also 
common,  Siderite  is  pale-brown  in  color  and  rhombohedral,  isomor- 
phous  with  calcite.  When  mixed  with  clay  it  forms  iron-stone  and, 
with  20-25  per  cent  of  coal  in  addition,  black-band.  Most  of  the  iron 
in  Great  Britain,  but  leas  than  one  per  cent  of  that  in  the  United 
States  is  obtuned  from  these  two  sources.  Pyrite  FeSi  conmsta  of 
golden-yellow,  shinii^  cubes  or  penti^onal  dodecahedra.  It  is  used, 
on  account  of  its  sulphur,  in  the  manufacture  of  sulphuric  acid,  but, 
from  the  oxidized  residue,  iron  of  sufficient  purity  is  obtained  with 
difficulty.  Compounds  of  iron  are  associated  with  chlorophyll  and 
are  found  in  the  blood  (heemoglobin),  and  doubtless  play  an  impor- 
tant part  in  connection  with  the  vital  functions  of  these  substances. 
By  interaction  with  organic  compounds  of  iron  present  in  the  tissues, 
ammonium  sulphide  blackens  the  skin,  ferrous  sulphide  bdng  formed. 

Pure  Iron.  —  Pure  iron  is  obt^ed  1^  reducing  pure  ferrous 
oxalate  in  a  stream  of  hydrogen  at  a  high  temperature.  It  is  also 
made  by  electrolyEos  of  ferrous  sulphate  solution  at  100°  between 
iron  electrodes.  It  is  silver-white  and  melts  at  1530°.  The  purest 
iron  does  not  rust  in  pure  cold  water,  but  the  impurities  in  ordi- 
nary iron  act  as  contact  agents  and  rusting  proceeds. 

Metallurgy.  —  The  ores  of  iron  are  first  roasted  in  order  to  de> 
compose  carbonates  and  oxidize  sulphides  if  these  salts  are  present. 
Coke  is  then  used  to  reduce  the  oxides.  Coal  is  unsuitable  because 
so  much  heat  is  wasted  in  driving  oiit  the  volatile  matter  and  moisture, 
which  are  absent  from  coke.  Ores  containing  lime  or  magnesia  are 
mixed  with  an  acid  fiux,  such  as  sand  or  clay-slate,  in  order  that  a 
fueable  slag  may  be  formed.  Conversely,  ores  containing  ralica  and 
clay  are  mixed  with  limestone.  With  proper  adjustment  of  the  in- 
gredients the  process  can  be  carried  on  amtinuously  in  a  blast  furnace 
(Fig.  164),  an  iron  structure  40  to  100  feet  high,  lined  with  firebrick. 
The  solid  materials  thrown  in  at  the  top  are  converted,  as  they  slowly 
descend,  completely  into  gases  which  escape  and  liquids  (iron  and 
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slag)  which  are  tapped  off  at  the  bottom.  Heated  air  is  blown  in  at 
the  bottom  through  tuyeres,  and  the  top  is  closed  by  a  cone  which 
descends  for  a  moment  when  an  addition  is  made  to  the  charge. 
The  gases,  which  contain  much  carbon  monoxide, 
are  led  off  and  used  to  heat  the  blast  or  to  drive 


The  main  action  takes  place  between  the  carixtn 
monoxide,  present  in  consequence  of  the  excess  of 
I  carbon,  and  the  oxide  of  iron: 

Fe^4  +  4C0  T±  3Fe  +  4C0,. 
Since  the  action  is  a  reversible  one,  a  large  excess 
of  carbon  monoxide  is  required.  At  650°,  equilib- 
rium is  reached  with  CO  :  C0»  ::  1  vol.  :  Ij  vols., 
at  800°,  1  vol.  :  13  vols.,  and  in  practice  the  pro- 
portion of  carbon  monoxide  used  is  from  twice  to 
hfteen  timee  aa  great.  Almost  5  tons  of  air,  heated 
in  advance  to  800°,  are  required  for  each  ton  of 
iron  produced.  The  moisture  in  this  air  acts  upon 
the  coke,  (pving  water-gas  (p.  577).  This  action 
"°"  '**■  uses  up  fuel,  and  also  lowers  the  temperature  at 

the  point  where  it  should  be  highest.  In  some  plants  the  Gayley 
dry  blast  process  was  used  for  a  time,  but  careful  r^ulation  of  the 
blast,  in  accordance  with  the  humidity  of  the  air,  is  now  the  pre- 
vaiUng  practice.  In  the  United  States  alone  31  milhon  tons  of  pig 
iron  are  annually  produced  (1913).  This  is  considerably  over  40 
per  cent  of  the  world's  production,  20  per  cent  being  supplied  by 
Germany  and  15  per  cent  by  Great  Britain. 

In  the  upper  part  of  the  furnace,  the  heat  (400°)  looeens  the 
texture  of  the  ore.  Further  down,  the  temperature  is  higher  (500- 
900°),  and  the  carbon  monoxide  reduces  the  o^de  of  iron  to  particles 
of  soft  iron.  A  temperature  high  enough  to  melt  pure  iron  is  barely 
reached  anywhere  in  the  furnace,  but,  a  little  lower  down,  by  union 
with  carbon,  the  more  fusible  cast  iron  (m.-p.  about  1200°)  ia  formed 
and  falls  in  drops  to  the  trattom.  It  is  in  this  re^on  also  that  the  slag, 
essentially  a  glass,  is  produced.  If  the  ffux  had  begun  sooner  to 
interact  with  the  unreduced  ore,  iron  would  have  been  lost  by  the 
formation  of  the  silicate.  The  iron  collects  below  the  slag,  and  the 
latter  flows  continuously  from  a  small  hole.  The  former  is  tapped 
off  at  intervals  of  six  hours  or  so  from  a  lower  opening.  As  a  rule, 
the  iron  never  cools  until  it  has  been  converted  into  nuls  or  structural 
iron.     In  some  cases,  it  Is  made  into  "pigs"  in  a  casting  machine. 
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Coat  Iron  and  Wrought  Iron.  —  Pure  iroD  ia  not  manufac- 
tured, and  indeed  would  be  too  soft  for  most  purposes.  Rano-wire, 
however,  is  about  99.7  per  cent-  pure.  The  product  obtained  from 
the  blast  furnace  oontains  92-94  per  cent  of  iron  aloi^  with  2.6r4.3 
per  cent  of  carbon,  often  nearly  as  much  alicon,  varying  proportionB  of 
manganese,  and  some  phosphorus  and  sulphur.  The  last  four  in- 
gredients are  liberated  from  combination  with  oxygen  by  the  carbon 
in  the  hottest  part  of  the  fiunace  and  combine  or  alloy  themselves 
with  the  iron.  Cast  iron  does  not  soften  before  melting,  as  does  the 
purer  wrought  iron,  but  melts  sharply  at  1150-1250°  according  to  the 
amount  of  foreign  material  it  contains.  When  suddenly  cooled  it 
gives  cbUled  cant  Iron  which  is  very  brittle  and  looks  homogeneous  to 
the  eye,  all  the  carbon  being  present  in  the  form  of  carbide  of  iron 
FeiC  (cen&ntite)  in  soUd  solution  in  the  metal.  By  slower  cooling, 
time  is  permitted  for  the  separation  of  part  of  the  carbon  as  graphite, 
which  appears  in  tiny  black  scales  (see  below),  and  gnr  out  iron 
results.  This  mixture  is  much  softer,  on  account  of  the  amoimt  of 
free,  relatively  pure  iron  which  it  contains. 

Wrought  iron,  invented  by  Henry  Cort  (1784),  is  made  by  heating 
the  broken  "  piga  "  of  cast  iron  upon  a  layer  of  material  containii^ 
oxide  of  iron  and  hammer-sl^  (basic  silicate  of  iron)  spread  on  the 
bed  of  a  teverberatory  furnace  (Fig.  143,  p.  686).  The  carbon,  olicon, 
and  phospboruB  combine  with  the  oxygen  of  the  oxide,  and  the  last 
two  pass  into  the  slag.  The  sulphur  is  found  in  the  slag  as  ferrous 
sulphide.  On  account  of  the  effervescence  due  to  the  escape  of  car- 
bon monoxide,  the  process  is  called  "  pig-boiling."  The  iron  is  stirred 
with  iron  rods  ("  puddled  ")  and  stiffens  as  it  becomes  purer,  until 
finiUly  it  can  be  withdrawn  in  balls  ("  blooms ")  and  be  partially 
freed  from  slag  by  rolling.  The  resulting  bars  are  repeatedly  cut, 
piled  in  a  bimdle,  reheated,  and  rolled.  The  iron  now  softens  suf- 
ficiently tor  welding  below  1000°  and  melts  at  1505°  or  lower,  accord- 
ing to  its  purity.  If  it  still  contains  more  than  a  trace  of  combined 
phosphorus  it  is  brittle  when  cold  ("  cold  short ").  A  little  surviving 
sulphide  of  iron  makes  it  brittle  when  hot  ("  red-short ")  and  un- 
suitable for  foi^ng.  Wroi^bt  iron  should  contain  only  0.1-0.2  per 
cent  of  carbon.  Its  fibrous  structure  is  due  partly  to  the  films  of 
sl^  which  have  not  been  completely  pressed  out  by  the  rolling.  On 
account  of  its  toughness,  wrought  iron  is  mod  for  anchors,  chains, 
and  bolts,  and  for  drawing  into  wire.  On  account  of  its  relative 
purity  (99.8-99.9  per  cent),  it  is  less  fusible  than  cast  iron  and  is  used 
for  fire  bars.    The  above  operations  are  now  performed  by  machineiy, 
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but  have  been  largely  displaced  by  the  Beasemer  and  open  hearth 
j  in  which  iron  of  equal  purity  can  be  obtained. 


Properties  of  Steel.  —  This  is  a  variety  of  iron  almost  free 
from  phoephorus,  sulphur,  and  silicon.  Tool-eteel  contiuns  0.9-1.5 
per  cent  of  carbon,  Bkructural  steel  only  0.2-0.6  per  cent,  and  mild 
steel  0.2  per  cent  or  even  less.  Steel  combines  the  properUee  of 
cast  and  <^  wroi^ht  iron,  being  hard  and  elastic,  and  at  the  same 
time  available  for  forging  and  welding  when  the  proportion  of  carbon 
is  low.  Steel  can  be  tempered  (see  below).  It  has  also  a  greater 
tensile  strength*  than  has  wrought  iron,  and  it  can  be  permanently 


Besaemer  Proceaa.  —  Steel  is  made  largely  by  the  Bessemer 
process  (Kelly  1852,  Bessemer  1855).  The  molt«n  cast  iron  is 
poured  into  a  oanverter  (Elg.  165)  and  a  blast  of  &\t  (a)  is  blown 
through  it.  The  oxidation  of  the 
manganese,  carbon,  ^oon,  and  a 
little  of  the  iron  gives  out  sufficient 
heat  to  raise  the  temperature  of  the 
mass  above  the  melting-point  of 
wrought  iron.  The  required  propoi^ 
tion  of  carbon  is  then  introduced  by 
adding  pure  cast  iron,  Spiegel  iron, 
or  coke,  and  the  oontents,  first  the 
slag,  and  then  the  molten  steel,  are 
finally  poured  out  by  turning  the  converter.  When  the  cast  iron 
contf^ns  much  phosphorus,  the  oxide  of  this  element  is  reduced 
t^tun  by  the  iron  as  fast  as  it  is  formed  by  the  blast.  In  such 
cases  a  basic  lining  containing  lime  and  magne«a  takes  the  place  of 
the  sand  and  clay  lining  of  the  ordinary  Bessemer  converter,  and  a 
slag  containing  a  basic  phosphate  of  calcium  is  produced.  This 
modification  constitutes  what  is  known  as  the  ThoniM-aUehiiit 
procen.  The  slag  (Thomas-slag)  when  pulverized  forms  a  valuable 
fertilizer  ((^.  p.  720).  In  the  United  States,  the  baac  open-hearth 
process  is  preferred. 

Being  obtained  from  molten  material,  steel  and  cast  iron  are  free 
from  slag. 

*  TvniQfl  itrangth  or  tonacitr  ia  meaaured  by  the  wei^t  Cm  kHoe)  reqinred 
to  break  a  wire  lA  the  metal  1  gq.  mm.  in  section.    Lead  2.6,  ooppar  61,  iiaa  71, 
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Open-Hearth  {Siemens- Martin)  Proceu.  —  In  this  process 
the  cast  iron  is  melted  in  a  saucer-shaped  depression  (Fig.  166), 
which  is  lined  with  sand  in  the  acid  process,  and  with  lime  and  mag- 
neda  in  the  basic  process.  Scraps  of  iron  plate  (for  dilution)  and 
htematite,  or  some  other  oxide  ore,  are  then  added  in  proper  pro- 
portions. The  materials  (50-75  tons  in  one  chai^)  are  heated  with 
gas  fuel  for  8-10  hours.  To  secure  economically  the  high  temperatiue 
required  to  keep  the  product  (almost  pure  iron)  fused,  Siemens  devised 
the  method  of  preheating  the  fuel  gas  and  air  by  a  regenerative  device. 


The  spent  air  and  gas  pass  down  through  a  checkerwork  of  brick. 
When  this  becomes  heated,  the  valves  are  reversed,  the  gas  and  fur 
now  enter  through  the  heated  brickwork  and,  after  meeting  and 
blUTiiDg  over  the  iron,  pass  out  through  the  checkerwork  on  the  op- 
posite side,  raising  its  temperature  in  turn. 

The  changes  are  similar  to  those  in  the  Bessemer  process.  During 
casting,  some  aluminium  is  added  to  combine  with  oxygen  (present 
as  CO)  and  give  sounder  ingots.  Recently,  iron  containing  10-15  per 
cent  of  titanium  has  been  added  instead.  The  titanium  combines 
with  both  nitrogen  and  oxygen  and  the  compounds  pass  into  the  slag, 
just  as  does  aluminium  oxide.  Rails  made  of  steel  purified  with  thib 
element  are  less  liable  to  breakage  (the  commonest  cause  of  wrecks) 
and  are  40  per  cent  more  durable  than  are  ordinary  open-bearth  r^ls. 
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The  advantage  of  the  open-beaxth  process  over  that  of  t 
is  that  it  is  not  hurried,  and  is  therefore  under  better  control.  The 
material  can  be  tested  by  sample  at  intervals  until  the  required 
compo^tion  has  been  reached.  The  produce  is  of  more  uniform 
quality.  When  fine  steel  is  required,  electric  heatii^  {e^.,  in  the 
H4roiUt  furnace)  permits  even  more  deliberate  treatment. 

Bessemer  and  open-hearth  steels  are  used  for  heavy  and  light 
machinery  castings  and  for  shafts.  It  is  rolled  into  nuis,  and  into 
bridge  and  structural  iron. 

Crucible  Steel.  —  For  special  purposes  steel  is  made  in  cru- 
cibles of  clay  (or  graphite  and  clay)  in  melts  of  60-100  pounds. 
"  Melting  bar,"  a  very  pure  open-hearth  steel,  is  melted  with  charcoal 
or  with  pure  pig  iron.  This  steel  is  employed  in  making  rasors 
(1.5  per  cent  C),  tools  (1  per  cent  C),  dies  (0.75  per  cent  C),  p^is, 
needles,  and  cutlery.  Special  steels,  containing  one  or  more  ot  the 
elements  manganese,  nickel,  chromium,  tungsten,  molybdenum,  and 
vanadium  are  made  in  this  way. 

Tempering.  —  When  steel  is  heated  to  redness  and  cooled  slowly, 
it  is  comparatively  soft.  Sudden  chilling,  however,  renders  it  harder 
than  glass.  By  subsequent,  cautious  heating  the  hardness  may  be 
reduced  to  any  required  extent,  and  this  treatment  is  called  tmqwrliv. 
The  suflBciency  of  the  heatiug  is  judged  roughly  by  the  interference 
colors  caused  by  the  thin  film  of  oxide  which  forms  on  the  surface. 
Thus  a  pale-yellow  color  (200-220°)  serves  for  tempering  razors,  a 
decided  yellow  (240°)  for  pen-knives,  a  brown  (260°)  for  sbeai^ 
a  purple  (275°)  for  table-knives,  a  blue  (300-316°)  for  watch-springs 
and  sword-blades,  and  a  black-blue  (340°)  for  saws.  Except  in  the 
case  of  watch-springs,  these  films  are  afterwards  removed  by  the 
grinding. 

To  understand  this  behavior  it  must  be  noted  that  there  are  three 
states  of  Bohd  iron  resembling  the  rhombic  and  monoclinic  states 
of  sulphur  (cf.  p.  412).  The  form  stable  below  760°  is  known  as 
ot-ferrite  (wrought  iron).  It  is  magnetic  and  can  hold  little  carbide 
(rf  iron  in  soUd  solution.  Above  760°  this  chaises,  with  absorption  of 
heat,  into  ^-ferrite  which,  likewise,  holds  little  of  the  carbide  in 
solution,  but  is  not  magnetic.  At  900°  this  changes,  with  furth«' 
absorption  of  heat,  into  T-ferrite,  a  non-magnetic  form  in  which  the 
carbide  is  soluble.  When  allowed  to  cool,  iron  assumes  these  forms 
in  the  reverse  order.     If,  now,  a  fluid  solution  of  carbon  in  iron, 
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suitable  for  steel,  is  svdderUy  chUled,  a  great  part  of  the  cold  masB  ia  a 
supercooled  solid  solution  of  carbon  in  T-ferrite.  This  solid  solution 
is  called  marteasite  and  is  very  hard  and  brittle.  It  is  lees  stable 
at  ordinary  temperatureB  than  is  o-ferrite,  but,  as  is  the  case  with 
yellow  phosphorus  (p.  551)  and  amorphous  sulphur  (p.  413),  the  low 
temperature  having  once  been  reached,  transformation  into  the  more 
stable  form  is  thereafter  exceedingly  slow.    The  material  is  liard  steel. 

When  the  molten  steel  (solution  of  carbon  in  iron)  b  aUouied  to 
cool  so  slowly  that  equihbrium  can  be  reached  at  every  step,  a  compli- 
cated series  of  changes  ensues.  First  the  mass  solidifies  (at  or  before 
1130°)  to  a  mixture  of  martensite  (T-ferrite  with  carbon  in  solid  solu- 
tion up  to  2  per  cent)  and  graphite.*  As  the  temperature  now  falls 
very  slowly,  more  graphite  separates  until,  at  1000°,  1.8  per  cent 
remains  in  solution.  From  this  point  the  dissolved  carbide  of  iron 
(cementite  FeiC  containing  6.6  per  cent  of  carbon)  is  separated.  At 
670°  pure  a-f  errite  also  begins  to  appear  and  there  remains  only  about 
0.9  per  cent  carbon  in  sohd  solution.  At  this  temperature,  if  sufficient 
time  is  allowed,  the  sohd  solution  separates  into  a  mixture  of  pure 
iron  (87  per  cent)  which  is  soft  and  carbide  of  iron  (13  per  cent)  which 
is  hard.  The  final  result  is  a  mechanical  mixture  of  o-ferrite  (wrought 
iron),  carbide  of  iron,  and,  if  the  oi^pnal  amount  of  carbon  was 
sufficiently  large,  graphite.  These  components  may  be  rect^nized 
by  making  a  microscopic  study  of  a  polished  surface,  and  their 
formation  may  be  followed  by  chilling  the  specimen  at  any  derared 
stage.  The  soft  iron  which  predominates  in  the  product  of  £^ow 
cooting  makes  the  whole  soft.  Heating  to  a  high  temperature  and 
sudden  chilling  gives  the  homogeneous  solid  solution  of  carbon  in 
Y-^errite  once  more  and  restores  the  qualities  characteristic  of  steel. 
Moderated  reheating  (tempering)  of  the  chilled  mass  results  in  more 
or  less  partial  accomplishment  of  the  changes  proper  to  slow  cooUi^, 
and  consequently  in  a  more  or  less  close  approach  to  the  condition 
which  results  from  this. 

The  difference  between  the  effect  of  rapid  and  slow  coohng  of  cast 
iron  (p.  887)  can  now  be  made  clear.  Rapid  cooling  leads  to  the 
omisdon  of  the  intervenit^  steps  enumerated  above  and,  if  some- 
thing like  5  or  6  per  cent  of  carbon  is  present,  the  material  turns 
almost  completely  into  martensite.  This  is  chilled  cast  iron.  With 
slower  coolii^,  much  graphite  separates,  and  the  product,  gray 
cast  iron,  contains  much  less  of  the  carbide  and  much  more  free  iron. 

*  When  molten  cast  iion,  contaioing  3-4.5  per  cent  of  carbon,  is  cocked  in  tbia 
fashion,  the  amount  of  graphite  may  be  ccmsiderable. 
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The  various  changes  which  occur  in  cooUi^  steel  are  retarded  by 
the  presence  of  foreign  eubetances,  just  as,  with  sulphur  (p.  413), 
foreign  substances  delay  tlie  change  from  S^  to  S)k  and  permit  tbe 
supercooling  of  the  former  and  its  appearance  in  the  fonn  of  amor- 
phous sulphur.  Manganese,  nickel,  and  other  metals,  in  particul&r, 
greatly  reiduce  tbe  facility  with  which  Y-ferrite  passes  into  ff-  and 
a-ferrite  at  900*  and  760°.  Thus  iron  with  12  per  cent  of  manganese, 
when  chilled  from  a  high  temperature,  contains  only  supercooled 
7-ferrite  and  is  non-magnetic.  It  has  to  be  kept  for  hours  (instead  of 
a  few  minutes)  at  a  temperature  below  760°,  say  500-600°,  before  it 
goes  over  into  ot-ferrite.  Manganese  is  thus  a  valuable  constituent  of 
steel  because,  by  favoring  the  survival  of  the  7-ferrite  in  which  alone 
the  carbon  is  soluble,  it  permits  the  manufacture  of  a  homogeneous 
steel  containing  aa  unusually  large  proportion  of  dissolved  carbtm, 
and  allows  slower  cooling  without  loss  cA  temper  ((f.  p.  890). 

Steel  AUoya,  —  As  we  have  seen,  -  substances  such  as  alumin- 
ium, titanium,  and  ferrosUioon  are  added  to  iron  for  the  purpose  of 
purifying  it,  and  pass  in  combination  into  tbe  slag.  There  are, 
however,  r^ular  alloys  containing  the  foreign  metal  along  with  the 
iron.  Thus,  mancaneM  it«al  (7-20  per  cent  Mn),  made  by  adding 
Spiegel  iron  or  ferromanganese  (p.  876)  to  steel,  remains  hard  even 
when  cooled  slowly  and  is  used  for  the  jaws  of  rock-cnishers  and  for 
safes.  Cliromlum-raiudlum  sto«l  (1  per  cent  Cr,  0.15  per  cent  Va) 
has  great  tensile  strength,  can  be  bent  double  while  cold,  and  offers 
great  resistance  to  chaises  of  stress  and  to  torsion.  It  is  used  for 
frames  and  aides  of  automobiles  and  for  connecting  rods.  Tongitai 
■tMl  has  already  been  described  (p.  864).  Nickol  itsel  (2-4  per  cent 
Ni)  resists  corrosion,  has  a  high  limit  of  elasticity  and  great  hardness, 
and  is  used  for  armor-plate,  wire  cables,  and  propeller  shafts.  Innr 
(36  per  cent  Ni)  is  practically  non-expansive  when  heated  witbin 
narrow  limits  and  is  used  for  meter-scales  and  pendulum  rods. 

Ckemiail  Properties  of  Iron.  —  Although  the  purest  iron  does 
not  rust  in  cold  water  (p.  885),  ordinary  iron  rusts  in  moist  air  or 
under  water.  It  probably  rusts  in  water  free  from  carbon  dioxide, 
displacing  tbe  hydrogen-ion,  but  the  action  is  greatly  hastened  by 
tbe  presence  of  carbonic  acid.  Rust  is  a  brittle,  porous,  loosely 
adherent  coating  of  variable  composition,  conmsting  mainly  of  a 
hydrated  ferric  oxide  3Fe«Oi,HiO,  which  does  not  protect  the  metal 
below.     Oil  protects  iron  from  r\isting  because,  although  i 
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is  more  soluble  in  most  oils  than  Id  water  (p.  87),  and  so  reaches  the 
iron  freely,  water  ie  not  soluble  in  oil  and  so  moisture  is  excluded. 

Iron  bums  in  oxygen  and  interacts  with  superheated  steam,  in 
both  cases  giving  FeaO*.  A  superficial  layer  of  this  oxide  adheres 
firmly  and  protects  the  iron  from  the  action  of  the  air  (Barff's  process 
iron,  or  Russia  iron). 

Iron  displaces  hydrogen  easily  from  dilute  acids.  Steel  and  cast 
iron,  which  contain  iron,  its  carbide,  and  graphite,  (pve  with  cold 
dilute  acids  ahnost  pure  hydrogen,  and  the  carbide  and  graphite 
remain  unattacked.  More  concentrated  acids,  however,  particularly 
when  warm,  pve  off,  along  with  hydrogen,  hydrocarbons  formed  by 
interaction  with  the  carbide  (p.  589).  The  odor  of  the  gas  ia  due  to 
compounds  of  sulphur  and  phosphorus.  With  dilute  nitric  acid,  iron 
gives  ferrous  nitrate  and  ammonium  nitrate  (cf.  tin,  p.  824)  and  with 
the  concentrated  nitric  acid  ferric  nitrate  and  oxides  of  nitrogen. 
Iran  has  httle  action  upon  alkalies. 

Although  iron  acts  vigorously  on  dilute  or  concentrated  nitric 
acid,  it  is  indifferent  to  fuming  nitric  acid  (N0»  in  solution,  p.  527). 
It  becomes  ptulve.  In  this  state,  it  no  longer  displaces  hydn^en 
from  dilute  acids.  If  dipped  in  cupric  sulphate  solution,  it  does 
not  receive  the  usual  red  coating  of  metallic  copper.  However,  if  • 
scratched  or  struck,  the  passive  condition  is  destroyed,  and  copper 
begins  to  be  deposited  at  the  point  touched  and  the  action  spreads 
quickly  over  the  whole  surface.  No  satisfactory  explanation  of  this 
phenomenon  has  been  obtained,  although  it  is  shown  also  by  chro- 
miimi  (p'.  855) ,  cobalt,  and  other  metals. 

Ferrous  Compounds.  — rarrouB  chlorlda  is  obt^ned  as  a  pale- 
blue  hydrate  FeCli,4HiO  (turning  green  in  the  air)  by  interaction  of 
hydrochloric  acid  with  the  metal  or  the  carbonate.  The  anhydrous 
salt  sublimes  in  colorless  crystals  when  hydrogen  chloride  is  led  over 
the  heated  metal.  At  a  high  temperature  the  vapor  of  ferrous 
chloride  has  a  den^ty  corresponding  to  the  simple  formula  FeCli, 
but  at  lower  temperatures  there  is  much  association  (p.  2S2)  and  the 
formula  approaches  FeiCU.  In  solution  the  salt  is  oxidized  by  the 
ur  to  a  basic  ferric  chloride: 

4Fe-H-  +  0,  +  2H,0  —  4Fe+++  +  40H-. 

In  presence  of  excess  of  the  acid,  normal  ferric  chloride  is  formed. 

With  nitric  acid,  ferric  chloride  and  nitric  oxide  are  produced  (p.  535). 

TvTToiu  bydrozide  Fe(OH)i  is  thrown  down  as  a.  white  precipitate, 
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in  water  freed  from  dissolved  oxygen  by  boiling,  but  rapidly  be- 
oomes  dirty-^reen  and  finally  thrown,  by  oxidation.-  It  interacts 
with,  and  dissolves  in  sordtions  of  salts  of  ammonium,  beii^,  like 
magnesium  hydroxide  (p.  766),  sufficiently  soluble  in  water  to  require 
an  appreciable  concentration  of  0H~  for  its  precipitation.  The 
KH^'^  from  the  ammonium  salts  combines  with  the  0H~  formed -by 
the  ferrous  hydroxide  to  give  molecular  ammonium  hydroxide. 
FMTotu  oiidB  FeO  is  black,  and  is  formed  by  beating  ferrous  oxalate 
in  absence  of  air.  It  may  be  made  also  by  cautious  reductioa  of 
ferric  oxide  by  hydrogen  (at  about  300°),  but  is  easily  reduced  further 
to  the  metal.    It  catches  fire  spontaneously  when  exposed  to  the  ^r. 

Jvnoat  eaibonate  FeCOj  is  found  in  nature  as  siderite,  and  may 
be  made  in  slightly  hydrolyzed  form  by  precipitation.  The  precipi- 
tate is  white,  but  rapidly  darkens  and  finally  becomes  brown,  the 
ferrous  hydroxide  produced  by  hydrolysis  being  oxidized  to  the  ferric 
condition.  The  salt  interacts  with  water  containing  carbonic  acid 
after  the  manua*  of  calcium  carbonate  (p.  706),  giving  the  more 
soluble  Fe(HCOj)i  and  hence  the  latter  is  found  in  solution  in 
natural  (chalybeate)  waters, 

Fvmnii  5Ulphld«  FeS  may  be  formed  ae  a  black,  metallic-looking 
mass  by  heating  t<^ther  the  free  elements.  It  is  produced  hy  pre- 
cipitation with  ammonimn  sulphide,  but  incompletely  or  not  at  all 
with  hydrogen  sufpbide.  It  interacts  readily  with  dilute  acids.  The 
precipitated  form  is  slowly  oxidized  to  ferrous  sulphate  by  the  air. 

rsrrous  solpbato  FeSO*  is  obtained  by  allowing  pyrites  to  oxidize 
m  the  air  and  leaching  the  residue: 

2FeSs  +  70i  +  2H,0  -*  2FeS0,  +  2^S6t. 

The  liquor  is  treated  with  scrap  iron  and  the  neutral  solution  evapo- 
rated until  a  hydrate  FeSO«,7HsO,  green  vitriol,  or  "  copperas,"  la 
depodted.  This  substance  forms  green  crystak  belon^D^  to  the 
monosjrmmetric  system,  but  gives  also  mixed  cr^tals  in  which  it  is 
isomorphous  with  the  rhombic  vitriols  (cf.  Ma^esium  and  Zinc 
sulphates,  p.  771).  The  crystals  are  efflorescent,  and  also  become 
brown  from  oxidation  to  a  basic  ferric  sulphate: 

4FeS04  +  0,  +  2HiO  -♦  4Fe(OH)S04. 

With  excess  of  sulphuric  acid  and  an  active  oxidizing  agent,  such  as 
nitric  acid,  ferric  sulphate  is  formed.  The  douUs  ulta  of  the  form 
(NH«)tSO*,FeS04,6H,0  (Mohr's  salt)  are  not  efHorescent,  and  in  Bolid ' 
form  are  less  readily  oxidized  than  is  ferrous  sulphate.    The  ferrous 
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sulphate  is  iu«d  in  dyeing  and  in  making  writliis  ink.  The  extract  of 
nut-^alls  contains  tannic  acid  HC||H|0>,  which,  with  ferrous  sul- 
phate, gives  ferrous  tannate,  a  soluble,  almost  colorless  salt.  A 
solution  of  this  salt  containing  gum-arabic  and  some  blue  or  black 
dye  constitutes  the  ink.  When  the  writing  is  exposed  to  the  air, 
the  ferrous  tannate  is  oxidized  to  the  ferric  condition,  and  the  ferric 
compound  is  a  fine,  black  precipitate  (qf.  p.  597).  The  dye  Is  added 
to  make  the  writing  visible  from  the  first.  The  black  streaks  seen 
below  nail-heads  in  oak  and  other  woods  are  due  to  the  formation  of 
ferrous  carbonate  and  its  interaction  with  the  tannic  acid  in  the  wood. 
Ferrous  sulphate  is  also  used  in  the  purification  of  water  (p.  815). 

Ferric  Compounds,  —  By  leading  chlorine  into  a  solution  of  . 
ferrous  chloride,  and  evaporating  until  the  proper  proportion  of  water 
alone  remains,  a  yellow,  deliquescent  heinbrdrato  of  fsiiic  chloride, 
FeCl»,6H»0  is  obtwaed.  When  this  is  heat«d  sUlI  further,  hydrol- 
ysis takes  place  and  the  oxide  remains.  When  chlorine  is  passed 
over  heated  iron,  anhydrous  turio  chlwldo  sublimes  in  dark  green 
scales,  which  are  red  by  transmitted  light.  At  a  high  temperature  the 
formula  of  the  vapor  is  FeCl»,  but  at  lower  temperatures,  in  con- 
sequence of  assodation,  the  density  increases  and  the  formula  ap- 
proaches Fe»Cl«.  In  solution,  the  ailt,  like  other  ferric  salts,  can  be 
reduced  to  the  ferrous  condition  by  bailing  with  iron:  2Fe''"*^  +  Fe 
—t  3Fe^^.  The  same  reduction  is  effected  by  hydrogen  sulphide  and 
by  stannous  chloride  (qf.  Mercuric  chloride,  p.  778) : 

2Fe+++  -I-  S=  -» 2Fe++  -|-  Sj . 
2Fe+++  -I-  Sn-H-  -» 2Fe++  -f-  Sn^~H-t-. 

The  last  action  shows  that  ferrous  s^Its  are  less  active  reducing  agents 
than  are  the  stannous  salts.  The  ferric  ion  is  almost  coloriess,  the 
yellow-brown  color  of  solutions  of  ferric  salts  being  due  to  the  presence 
of  ferric  hydroxide  produced  by  hydrolysis.  The  color  deepens  when 
the  solution  is  heated,  and  fades  again  very  slowly,  by  reversal  of  the 
action,'  when  the  cold  solution  is  allowed  to  stand.  On  the  other 
hand,  the  hydrolysis  may  be  reversed  and  the  color  may  be  almost 
destroyed,  particularly  in  the  case  of  the  nitrate,  when  excess  of  the 
acid  is  added  te  the  solution: 

Fe(NO0.  +  3H,0 1=5  Fe(OH),  +  3HN0,. 

ToTTlfi  lodida  is  reduced  by  the  hydriodic  acid  produced  by  its  own 
hydrolysis,  and  hence  ferrous  iodide  does  not  unite  with  io<Uite  to 
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form  this  compound.    The  case  is  similar  to  that  of  cupric  iodide 
(p.  741). 

Tarrio  brdrotld*  Fe(OH)i  appears  as  a  browo  precipitate  when  a 
base  is  added  to  a  ferric  salt.  It  does  not  interact  with  excess  of  the 
alkali.  In  this  gelatinous  form  the  substance  dries  to  the  oxide  with- 
out giving  definite  intermediate  hydrated  oxides.  The  hydrates, 
FeiOt(OH)»  (brown  iron  ore)  and  FejOlOH)*  {bog  iron  ore),  however, 
are  found  in  nature.  The  hydroxide  passes  easily  into  colloidal  sus- 
pension in  a  solution  of  ferric  chloride,  and  by  subsequent  dialysis 
through  a  piece  of  parcbment  (<^.  p.  621)  the  salt  can  be  separated, 
and  a  pure  colloidal  suspension  of  the  hydroxide  obtained.  This 
suspeoaon,  known  as  dial3rzed  iron,  is  red  in  color,  shows  no  depres- 
raon  in  the  freezing-point,  and  is  not  an  electrolyte.  The  hydroxide 
is  a  poflitive  colloid  and  is  coagulated  (brown  predpitate)  by  the 
addition  of  salts,  bivaloit  n^;ative  ions  being  more  effective  than 
univalent  ones  (p.  844). 

r«rrle  mdd*  FetOi  is  sold  as  "  rouge  "  and  "  Venetian  red."  It  is 
made  from  the  ferrous  sulphate  obt^ed  in  cleaning  ironware  which 
is  to  be  tinned  or  galvanized.  The  salt  is  allowed  to  oxidize,  and  the 
ferric  hydroxide,  thrown  down  by  the  addition  of  lime,  is  calcined. 
A  purer  form  is  produced  by  dry  distillation  of  the  baac  ferric  "sul- 
phate, an  operation  which  used  to  be  undertaken  on  a  large  scale  for 
making  Nordhausen  sulphuric  acid  (p.  430).  The  product  varies 
in  tint  from  a  bright  yellowish-red  to  a  dark  violet-brown  according 
to  the  fineness  <^  the  powder.  The  best  rouge  is  obtained  by  calcining 
ferrous  oxalate  FeCjOt.  This  oxide  is  not  distinctly  acidic,  but  by 
fuMon  with  more  basic  oxides,  compounds  hke  franklinite  -Zn(FeOj)j 
may  be  formed.  It  is  reduced  by  hydrogen,  at  about  300°  to  ferrous 
oxide,  and  at  700-800°  to  metallic  iron. 

Mag&«tio  ozid*  of  iron  FeiO*  or  lodestone  is  found  in  nature,  and 
is  formed  by  the  action  of  air  (hammer-scale),  steam,  or  carbon 
dioxide  on  iron.  It  forms  octahedral  crystals  like  the  spinelles 
(p.  812),  and  is  a  ferrous-ferric  oxide  FeO,Fe»0»  or  Fe(FeOi)*,  related 
to  franklinite. 

Fwile  mlphlds  Fe^St  may  be  made  by  fusing  together  the  free 
elements.  It  is  obtained  by  precipitation  when  soluble  sulphides  are 
added  to  solutions  of  ferric  salts  (Stokes) : 

Fe,(S04),  +  3(NH4)sS  -»  Fe,S,  -|-  3CNH4),SO,. 

Formerly  the  precipitate  was  supposed  to  be  a  mixture:  2FeS  +  3. 
Vwrlo  Bulpbate  Fet(S04)j  is  formed  by  oxidation  of  ferrous  aul- 


IRON,  GOBALT,  NICKEL  897 

phate,  and  is  obtained  as  a  white  mass  by  evaporation.  It  gives 
alums,  such  as  (NHt),SOt,Fei{SO4),,24H,0,  which  are  almost  color- 
less when  pure,  but  usually  have  a  pale  reddish- violet  tinge. 

Pyrite  FeSt.  —  The  mineral  pyrite  (Fools'  gold)  is  the  sulphide 
of  iron  which  is  most  stable  in  the  aJr.  It  is  found  in  nature  in  the 
fonn  of  glittering,  golden-yellow  cubes,  octahedrons,  and  pentagonal 
dodecahedrons.  It  is  not  attacked  by  dilute  acids,  but  concentrated 
hydrochloric  acid  slowly  converts  it  into  ferrous  chloride  and  sulphur. 
It  is  reduced  by  hydrogen  to  ferrous  sulphide. 

Cyanides.  —  When  potasaum  cyanide  is  added  to  solutions  of 
ferrous  salts,  yellowish  precipitates  are  produced,  but  the  simple 
cyanides  cannot  be  obtained  in  pure  form.  Theee  precipitates  in- 
teract with  excess  of  the  cyanide,  giving  a  soluble  complex  cyanide 
of  the  form  4KCN,Fe(CN)2.  This  is  called  ferrooyanide  of  potas- 
sium.    Ferric  salts  give  only  ferric  hydroxide. 

roiTocraiildfl  of  potiwinrinm  K(Fe(CN)g,3HiO,  "yellow  prusaiate  of 
potash,"  is  made  by  heating  nitrogenous  animal  refuse,  such  as  blood, 
with  iron  filings  and  potassium  carbonate.  The  resulting  mass  con- 
tains potas^um  cyanide  and  ferrous  sulphide,  and  when  it  is  treated 
with  warm  water  these  interact  and  produce  the  ferrocyanide: 
2KCN  +  FeS  -*  Fe(CN),  +  KS, 
4KCN  +  Fe(CN),-»K*.Fe(CN),. 
The  salt  is  made  also  from  the  cyanogen  contained  in  crude  illumi- 
nating-gas. The  trihydrate  forms  lai^e,  yellow,  mono&ynunetric 
tables.  The  solution  contains  almost  exclusively  the  ions  K'*'  and 
Fe(CN)»~~,  and  ^ves  none  of  the  reactions  of  the  ferrous  ion  Fe"'^', 
The  corresponding  acid  HtFe(CN)»  may  be  obtained  as  white  crys- 
talline scales  by  addition  of  an  acid  and  of  ether  (with  which  the 
substance  forms  a  compound  or  solid  solution)  to  the  salt.  The  acid 
is  a  fairly  active  one,  but  is  unstable  and  decomposes  in  a  complex 
manner.  Other  ferrocyanides  may  be  made  by  precipitation.  That  of 
copper  CujFe(CN)e  is  brown,  and  ferric  ferrocyanide  Fe«IFe(CN)t]» 
has  a  brilliant  blue  color  (FrunUn  blue).  The  ferrous  compound 
(insoluble)  Fe»Fe(CN)B,  or  perhaps  KiFeFe(CN)«,  is  white,  but  quickly 
becomes  blue  by  oxidation.     The  ferrocyanides  are  not  poisonous. 

Tnrlcyaiiida  of  potMdum  KiFe(CN)t  is  easily  made  from  the 
ferrocyanide  by  oxidation : 

2K4Fe(CN),  +  CI,  -»  2KCI  +  2K4FeCCN),, 
or  2Fe(CN),==  +  CI,  -» 2Fe(CN)i=-  +  201". 

Google 
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It  forms  red  monosyminetric  prisms.  The  free  atnd  HiFe(CN)a  is 
unstable.  Other  saltB  may  be  prepared  by  precipitation.  Ferrous 
ferricyanide  Fei[Fe(CN)t]i  is  deep-blue  in  color  (TumboU'i  tdu*). 
With  ferric  salts  only  a  brown  solution  is  obtained. 
.  Prussian  blue  and  TumbuU'a  blue  are  ussd  in  making  laundry 
blueing.  They  are  insoluble,  but  give  colloidal  suspensions  and  are 
adsorbed  by  the  material  of  the  cloth. 

rerrlc  tMoeyanatv  Fe(NCS)g  ia  formed  by  interaction  of  soluble 
thiocyanates  with  ferric  salts  ((^.  p.  292).  It  is  deep-red  in  color  and 
gives  a  blood-red  solution  in  water.  Since  both  the  ions  are  colorless, 
the  solution  must  contain  much  of  the  molecular  salt.  Its  formation  - 
furnishes  s  very  delicate  test  for  traces  of  ferric  salts. 

Btue-Prints.  —  Some  ferric  salts,  when  exposed  to  light,  are 
reduced  to  the  ferrous  condition.  Thus,  ferric  <ncalate,  in  the  light, 
gives  ferrous  oxalate: 

re,(CO0j  -*  2FeC04  +  2C0,. 

When  paper  is  coated  with  ferric  oxalate  solution  and  dried,  and 
an  ink  drawing  on  transparent  paper  is  placed  over  the  prepared 
surface,  sunlight  will  reduce  the  iron  to  the  ferrous  condition,  except^ 
ing  where  the  ink  protects  it.  When  the  sheet  is  then  dipped  in 
potassium  ferricyanide  solution  (developer),  the  ferric  oxalate  gives 
only  the  brown  substance  which  can  be  washed  out.  But  the  deep 
blue,  insoluble  ferrous  ferricyanide  is  precipitated  in  the  poree  of  tiie 
paper  where  the  light  has  acted.  The  drawing  appears  white  on  a 
blue  -blackground.  In  ordinary  blue-print  paper,  ammonium-ferric 
citrate  takes  the  place  of  the  oxalate,  and  the  ferricyanide  has  already 
been  applied  to  the  paper  before  drying,  so  that  only  exposure  and 
washing  remain  to  be  done.  Dilute  sodium  hydroxide  solution 
decomposes  the  ferricyanide,  and  is  used  for  writing  (in  white)  od 
blue-prints. 

Iron  Carbonyla.  —  When  carbon  monoxide  is  led  over  6nely 
divided  iron  at  40-80°,  or  under  eight  atmospheres  pressure  at  the 
ordinary  temperature,  volatile  compounds  of  the  compositioo  Fe(GO)4 
iron  t«tracftrboDyl,  and  Fe(CO)t,  the  pentMvbonji,  are  fwined. 
When  the  gaseous  mixture  is  heated  more  strongly,  the  compounds 
decompose  again,  and  iron  is  deposited.  Illuminating-gas  burners 
frequently  receive  a  deposit  of  iron  from  this  cause. 

__     Cooglf 
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Ferrates,  —  A  red  aolution  of  potaflBium  ferrate  KjFeO*,  is  ob- 
tained by  pasang  chlorine  through  caustic  potash  in  which  ferric 
hydroxide  ia  suspended,  or  by  heating  pulveriBed  iron  with  dry  sodium 
nitrate.  The  salt  cryatalhzes  in  red,  rhombic  prisms,  isomorpbous 
with  the  sulphate  and  chromate  of  potassium.  It  alters  quickly  in 
solution,  in  consequence  of  bydrolyaie  and  subsequent  decompo«tion 
of  the  ferric  acid,  depositing  ferric  hydroxide  and  giving  off  oxygen. 
Barium,  strontium,  and  calcium  salts  are  formed  as  red  precipitates 
by  double  decompo^tion. 

Analytical  Reactions  «/  Compounds  «/  Iron.  —  There  are 
two  ionic  forms  of  iron,  ferrous-ion  Fe+*,  which  is  very  pale^reen, 
and  ferric-ion  Fe^'-'"'-,  whicbia  almost  colorless.  The  yellow  color  of 
ferric  salts  is  due  to  hydrolysis.  Ammonium  sulphide  gives  with  the 
former  black  ferrous  sulphide,  which  is  soluble  in  dilute  acids.  The 
hydroxides  are  white  and  brown  respectively,  and  ferrous  carbonate 
is  white.  With  ferric  salts,  which  are  hydrolyzed  (about  5  per  cent), 
soluble  carbonates  yield  the  hydroxide,  because  they  neutralize  the 
free  acid  and  displace  the  equilibrium.  With  ferrocyanide  of  potas- 
sium, ferrous  salts  ^ve  a  white,  and  ferric  salts  a  blue,  precipitate. 
With  ferricyanide  of  potassium  the  former  give  a  deep-blue  precipi- 
tate, and  the  latter  a  brown  solution.  Ferric  thiocyanate  is  deep-red. 
From  ferric  solutions  barium  carbonate  throws  down  ferric  hydroxide. 
When  sodium  acetate  is  added  in  excess  to  a  ferric  salt,  a  red,  little 
ionized,  but  easily  hydrolyzed,  furlc  wwtate  is  formed.  When  the 
solution  is  boiled  the  hydrolyds  is  increased,  and  an  insoluble,  base 
ferric  acetate  ia  thrown  down.  With  borax,  iron  compounds  give  a 
bead  which  is  green  (ferrous  borate)  in  the  reducing  flame,  and 
colorless  or,  with  much  iron,  yellow  (ferric  borate)  or  even  brown 
when  oxidized. 

Cobalt  Co 

The  Chemical  Relations  of  the  Element.  —  Cobalt  forms 
cobaltous  and  cobaltic  oxides  ahd  hydroxides  CoO  and  Co(OH)2, 
CojOj  and  Co(OH)i,  respectively,  which  are  all  basic,  the  former 
more  so  than  the  latter.  The  cobaltous  salts  are  little  hydrolyzed, 
but  the  cobaltic  salts  are  largely  decomposed  by  water.  The  latter 
also  liberate  readily  one-third  of  the  negative  radical,  after  the  man- 
ner of  manganic  salts,  becoming  cobaltous.  Complex  cations  and 
anions  containing  cobalt  are  very  numerous  and  very  stable. 

.o;.|c 
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Occurrence  and  Properties.  —  Cobalt  is  found  aloi^  with 
nickel  in  smaltite  CoAsi  and  cobaltite  CoAsS.  The  pure  metal  may 
be  made  by  Goldschmidt'a  process,  or  by  reducing  the  oxalate,  or  an 
oxide,  with  hydrogen. 

The  metal  is  ailver-white,  with  a  faint  su^estion  of  pink.  It  is 
less  tough  than  iron,  and  has  no  commercial  applications.  It  dis- 
places hydrc^en  slowly  from  dilute  acids,  but  interacts  readily  with 
nitric  add. 

Cftbaltous  Compounds.  —  The'' dilorlde  CoCli,6HiO  may  be 
made  by  treating  the  oxide  with  hydrochloric  acid.  It  forms  red 
prisms,  and  when  [lartially  or  completely  dehydrated  becomes  dee[>- 
blue.  Writing  made  with  a  diluted  solution  upon  paper  is  almost 
invisible,  but  becomes  blue  when  warmed  and  afterwards  takes  up 
moisture  from  the  w,  and  is  once  more  invisible  (srinpathstla 
Ink).  Most  cobaltous  compounds  are  red  when  hydrated  or  in  solu- 
tion (Co++)  and  blue  when  dehydrated.  The  blue  color  assumed  by  a 
strong  solution  of  cobaltous  chloride,  when  it  i^  warmed,  or  when 
hydrochloric  add  is  added  to  it,  is  explained  by  some  chemists  as 
being  due  to  repression  of  the  ionization  of  the  salt,  and  by  others 
as  beii^  due  to  the  formation  of  the  complex  anion  of  the  salt 
Co++.CoCl4=.  By  addition  of  sodium  hydroxide  to  a  cobaltous  salt, 
a  blue  basic  salt  is  predpitated.  When  the  mixture  is  boiled;  the 
pink  eobaltoua  hydnndds,  Co(OH)i  is  formed.  This  becomes  brown 
through  oxidation  by  the  air.  It  interacts  with  ammonium  hydrox- 
ide, giving  a  soluble  ammonio-cobaltoua  hydroxide  (i^.  p.  784)-,  which 
is  quickly  oxidized  by  the  air  to  an  ammonio-cobaltic  compound  (see 
below).  It  interacts  also  with  salts  of  ammonium  aa  does  magnedum 
hydroxide  (p.  766).  When  dehydrated  it  leaves  the  black  cobaltoui 
ozld«.  Cobaltous  sulphate  CoS04,7IItO,  isomorphous  with  mag- 
nesium  sulphate,  and  the  nitrate  Co(NOg]i,6HiO  are  fiuniliar  salts. 
The  black  oobaltous  sulphide  CoS  is  precipitated  by  ammonium 
sulphide  from  solutions  of  all  salts,  and  even  by  bydrt^n  sulphide 
from  the  acetate,  or  a  solution  containing  much  sodium  acetate  ((^. 
p.  716).  Once  it  has  been  formed,  it  does  not  interact  even  with 
dilute  hydrochloric  add,  having  apparently  changed  into  a  less 
active  form.  A  sort  of  cobalt  gLtas,  made  by  fusing  sand,  cobalt 
oxide,  and  potassium  nitrate,  forms,  when  powdered,  a  blue  pigment, 
■malt,  used  in  china-punting  and  by  artists. 

Cobaltic  Compounds.  —  By  addition  of  a  hypochlorite  to  a 
solution  of  a  cobaltous  salt,  cobaltic  hjdroxide  Co(OHJt,  a  black 
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powder,  is  precipitated.  Cautious  ignition  of  the  nitrate  gives 
oobalUe  ozlds  CotOg.  Stronger  ignition  gives  the  commercial  oxide 
which  is  a  oobalto-cobaltlc  oxide  C01O4.  Cobaltic  oxide  dissolves 
in  cold  hydrochloric  acid,  but  the  solution  gives  off  chlorine  when 
warmed.  By  placing  cobaltous  sulphate  solution  round  the  anode 
of  an  electrolytic  cell,  crystals  of  cotMtlUo  tu^ute  CotCSO*)}  have 
been  made  and  cobaltic  alums  have  also  been  prepared  (Hugh 
Maishall). 

Contptex  Compounds,  —  Potassium  cyanide  precipitates  from 
cobaltous  salte  a  brownish-white  cyanide.  This  interacts  with  ex- 
cess of  the  resent,  giving  a  solution  of  potudum  oobaltocyanlds 
K4Co(CN)s  (c/.  p.  897).  This  compound  is  easily  oxidized  by  chlo- 
rine, or  even  when  the  solution  is  boiled  in  the  air,  and  the  colorless 
potMslum  oobkltlcranid*  is  formed: 

4KiCo(CN),  +  2B:gO  -I-  0,  -.  4K,.Co(CN).  +  4K0H. 

The  solution  pves  none  of  the  reactions  of  Co"*"*^,  and  with  acids  the 
very  stable  cobalticyanic  acid  HtCo(CN)a  is  liberated. 

When  acetic  acid  and  potassium  nitrite  are  added  to  a  cobaltous 
salt  the  latter  is  oxidized  by  the  nitrous  acid  (liberated  by  the  acetic 
acid)  and  a  yellow  complex  salt  Kj.CoCNOOi.tiHjO  (=  Co(NO,),,- 
3KN0i),  potMStTim  cobaltinltiitv,  is  thrown  down. 

Cobaltic  Baits  give  with  ammonia  complex  compoimds  which  are 
many  and  various.  The  cations  often  conteun  negative  groups,  and 
are  such  as  Co(NH3),+++,  Co(NHs)sCl++  and  Cxi(NH,)sN03-h-.  Usu- 
ally the  solutions  give  none  of  the  reactions  of  cobaltic  ions,  and  often 
fail  likewise  to  give  those  of  the  anion  of  the  ori^nal  salt. 

Nickel  Ni 

The  Chemical  ReUttiona  of  the  Element.  —  Nickel  forma 
nickelous  and  nickelic  oxides  and  hydroxides  NiO  and  Ni(0H)2,  NijOj 
and  Ni(OH)»,  but  only  the  former  are  basic.  The  nickelous  salts 
resemble  the  cobaltous  and  ferrous  salts,  but  are  not  oxidizable 
into  corresponding  nickelic  compounds.  Since  there  are  no  nickelic 
salts,  there  are  here  no  analogues  of  the  cobalticyanides  or  the  cobal- 
tinitrites  The  complex  nickelous  salts,  like  the  complex  cobaltous 
salts,  and  unlike  the  complex  cobaltic  salts,  are  unstable,  and  so  give 
some  of  the  reactions  of  Ni^'^-. 

L     ,l,z<,i:,.,  Google 
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Occurrence  and  Properties. — Nickel  occurs  in  meteorites  (free) 

and  in  niccolite  NiAs  and  nickel  glance  NiAsS.  It  is  now  manu- 
factured chiefly  from  pentlandite  [Ni,Cu,Fe]S  and  other  minerala 
found  at  Sudbury,  Ontario  (production  in  1913,  24,S40  ahort  tons), 
and  from  gamierite,  a  silicate  of  nickel  and  magnesium,  found  in 
New  Caledonia.  In  the  former  case,  the  ore  is  roasted,  smelted,  and 
finally  beQSemerized.  The  resulting  alloy  of  copper  and  nickel  is 
much  used  for  sheet-metal  work  (Monsl  m«t4l,  approx.  1  : 1).  Pure 
nickel  is  separated  from  the  copper  by  an  electrolytic  process  (p.  747), 
or  by  the  Monde  process  (see  below). 

The  metal  is  white,  with  a  faint  tinge  of  yellow,  is  very  hard,  and 
takes  a  high  polish  (m.-p.  1452°).  It  is  used  in  making  alloys,  such 
aa  German  silver  (copper,  zinc,  nickel,  2:1:1)  and  the  "nickel" 
used  in  coinage  (copper,  nickel,  3  : 1).  Although  in  these  alloys 
the  red  color  of  the  copper  is  completely  lost,  the  copper  is  simply 
dissolved,  and  not  combined.  Zinc  and  copper,  however,  give  a 
compound  CuiZnj.  Nickel  plating  on  iron  is  accomplished  exactly 
hke  silver  plating  (p.  755).  The  bath  contains  an  ammoniacal  solu- 
tion of  ammonium-nickel  sulphate  (NH4)iS04,NiS04,6H,0,  and  a 
,  plate  of  nickel  forms  the  anode. 

The  metal  rusts  very  slowly  in  moist  mr.  It  displaces  hydrogen 
with  difficulty  from  dilute  acids,  but  interacts  with  nitric  add. 

Compounda  cf  Nickel.  —  The  chlorldo  NiCli,6HtO  is  made  by 
treating  one  of  the  oxides  with  hydrochloric  acid,  and  is  green  in 
color  (when  anhydrous,  brown).  The  sulphate  NiS04,6HiO,  which 
crystallizes  in  green,  square  prismatic  forms  at  30-40°,  is  the  most 
familiar  salt.  The  heptahrdrate  NiSO^JHjO,  obtained  from  cold 
solutions,  is  isomorphoua  with  magnesium  sulphate.  Hidceloos  hj- 
droxlde  Ni(OH)i  is  formed  as  an  applc-grecn  precipitate,  and  when 
heated  leaves  the  green  nickeloua  odde  NiO.  It  interacts  with 
ammonium  hydroxide,  giving  a  complex  ammonio-nickel  cation.  It 
also  interacts  with  and  dissolves  in  salts  of  ammonium  (c/.  p.  766), 
By  cautious  ignition  of  the  nitrate,  ntckvllc  oxide  NijOj,  is  formed  fts  a 
black  powder.  The  oxides  and  salts,  when  heated  strongly  in  oxygen, 
give  the  oxide  NijO*.  The  last  two  oxides  liberate  chlorine  when 
treated  with  hydrochloric  acid,  and  give  nickelous  chloride,  mekelic 
hTdroxlde  Ni(OH)t  is  a  black  precipitate  formed  when  a  hypochlorite 
is  added  te  any  salt,  of  nickel.  Nickelous  sulidiide  is  thrown  down  by 
ammonium  sulphide,  and  behaves  hke  cobaltous  sulphide  (p.  900). 
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It  forms  a  brown  colloidal  solution  when  excess  of  the  precipitant  is 
used,  and  is  then  deposited  very  slowly. 

Addition  of  dliQethTlgl7ozim«  to  an  ammoniacal  solution  of  a 
salt  of  nickel  gives  a  scariet  precipitate  of  ma  aoid  salt: 

Ni(OH),  +  2(H0N},C{CH,),  -» 2HjO  +  NiHs[(ON),C(CH,),]i. 
This  reaction  is  not  shown  by  salts  of  cobalt,  especially  if  oxidation 
to  the  cobaltic  condition  has  been  permitted  by  contact  with  air. 

With  potassium  cyanide  and  a  salt  of  nickel  the  greenish  nickeloug 
^anide  Ni(CN)2  is  first  precipitated.  This  dissolves  in  excess  of  the 
reagent,  and  a  complex  salt  K2Ni(CN)4,H20  (=  2KCN,Ni(CN),) 
may  be  obtained  from  the  solution.  This  salt  is  of  different  composi- 
tion from  the  corresponding  compounds  of  cobalt  and  iron,  and  is  less 
stable.  Thus,  with  bleaching  powder,  it  gives  Ni(OH)j  aa  a  black 
precipitate.  When  the  solution  is  boiled  in  the  air  no  oxidation  to  a 
complex  nickeli cyanide  occurs,  and  indeed  no  such  salts  are  known. 
This  fact  enables  the  chemist  to  separate  cobalt  and  nickel,  for  when 
the  mixed  cyanides  are  boiled  and  then  treated  with  bleaching  pow- 
der, the  cobalti cyanide  is  unaffected.  With  potassium  nitrite  and 
acetic  acid  no  Insoluble  compound  corresponding  to  that  given  by 
cobalt  salts  is  formed  by  salts  of  nickel.  The  only  known  compound 
which  could  be  formed,  4KN0i,Ni(N0!)j,  is  soluble.  This  action 
also  is  used  for  the  purpose  of  separation.  The  pink  color  of  cobalt 
salts  and  the  green  of  nickel  salts  are  complementary  colors,  so  that, 
by  using  suitable  proportions  of  the  two,  a  colorless  mixture  can  be 
produced. 

When  finely  divided  nickel,  made  by  redudng  the  oxide  or  oxalate 
with  hydrogen  at  a  moderate  temperature,  is  exposed  to  a  stream  of 
cold  carbon  mon<mde,  nlcksl  carbon^  Ni(C0)4  is  formed.  This  is  a 
vapor  and  is  condensable  to  a  colorless  Uquid  (b.-p.  43°  and  m.-p, 
-25").  The  vapor  is  poisonous.  When  heated  to  150-180°  it  is  dis- 
sociated and  nickel  is  deposited.  Cobalt  forms  no  corresponding 
compound.  In  commerce,  pure  nickel  is  separated  from  copper 
(and  cobalt)  in  the  Monde  proc«H  by  passing  carbon  monoxide  over 
the  pulverized  alloy,  and  subsequently  heating  the  gas. 

AnaJyticat  Reactions  of  Compounds  of  Cobalt  and  Nickel. 

—  Cobaltous-ion  Co++  is  pink,  and  the  nickelous  ion  Ni++  green. 
The  reactions  used  in  analysis  have  been  described  in  the  preceding 
paragraphs.  With  borax,  cobalt  compounds  give  a  blue  bead  (cobal- 
tous  borate),  and  nickel  compounds  a  bead  which  is  brown  in  the  oxi- 

I      ,-™:..C00^lc 


904  INORGANIC  CHEMISTRY 

dizing  Same  and  cloudy,  from  the  presenoe  c^  metallic  nickel,  when 
reduced. 

Bxereiaes.  —  1.  What  would  be  the  interactiona  erf  caldum  car- 
bonate when  fused  with  sand  and  with  clay,  respectively? 

2.  Make  equations  representing,  (a)  the  oxidation  of  ferrous 
chloride  by  air,  (b)  the  hydrolysis  of  ferrous  carbonate  and  the  odda- 
tion  of  ferrous  hydroxide,  (c)  the  oxidation 'of  ferrous  sulphate  with 
excess  of  sulphuric  acid  by  hypochlorous  acid,  (_d)  the  formation  of 
ferrous  and  ferric  tannates  (p.  895),  (e)  the  reducUon  of  ferric  chloride 
by  iron,  by  hydrc^en  sulphide,  and  by  stannous  chloride,  respectively, 
(/)  the  dry  distillation  of  bade  ferric  sulphate,  ((/)  the  formation  of 
ferric  f errocyanide  and  of  ferrous  ferricyanide,  (A)  the  hydrolysis  and 
decomposition  of  potassium  ferrate. 

3.  Explain  the  solubihty  of  cobaltous  and  nickelous  hydroxides 
in  salts  of  ammonium. 

4.  Construct  equations  to  show  the  formation,  (a)  of  the  inscduble 
potasdum  cobaltinitrite  (nitric  oxide  is  ^ven  off),  (b)  of  nickelic 
hydroxide  from  nickelous  chloride  and  sodium  hypochlorite.  Re- 
membering that  the  hypochlorite  is  somewhat  hydrolyzed,  ^cpMn 
why  the  precipitation  in  (6)  is  complete. 

5.  Tabulate  in  detail  the  chemical  relations  of  the  elements  cobalt 
and  nickel,  especially  to  show  the  resemblances  and  differences. 
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CHAPTER  XLV 
THB  PUTIHTIH  HSTALfl 

The  remainii^  elements  of  Mendelejeff's  eighth  group  divide 
themselvee  iato  two  sets  of  three  each.  Just  as  iron,  cobalt,  and 
nicicel  have  ramilar  atomic  weights  and  much  the  same  denraty 
(7.8-8.8),  BO  ruUwnium  (Ru,  at.  wt.  101.7),  rhodium  (Rh,  at.  wt.  103), 
aad  paUadium  (Pd,  at.  wt.  106.7)  have  densities  from  12.26  to  11.5. 
Similarly  onnlum  (Os,  at.  wt.  191),  Iridium  (Ir,  at.  wt.  193),  and 
platinum  (Pt,  at.  wt.  195.2)  form  a  triad  with  specific  gravities  from 
22.5  to  21.5.  Chemically,  ruthenium  shows  the  closest  resem- 
blance to  osmium,  and  both  are  allied'  to  iron.  Similarly,  rhodium 
and  iridium,  and  palladium  and  platinum  are  natural  pairs. 

The  six  elements  are  found  alloyed  in  nu^ets  and  particles  which 
are  separated  from  alluvial  sand  by  washing.  Platinum  forms  60-84 
per  cent  of  the  whole.  The  chief  deposits  are  in  the  Ural  Mountain, 
smaller  amounts  being  found  in  California,  Australia,  Borneo,  and 
elsewhere.  The  components  are  separated  by  a  complex  series  of 
chemical  operations. 

Ruthenium  atui  Oamium.  —  These  metals  are  gray  like  iron, 
while  the  other  four  are  whiter  and  more  Uke  cobalt  and  nickel.  They 
also  resemble  iron  in  being  the  most  infusible  members  of  their 
respective  sets.  Both  melt  considerably  above  2000°.  They  like- 
wise resemble  iron  in  imiting  easily  with  free  oxygen,  while  the  other 
four  dements  do  not.  Ruthenium  gives  RuiO  in  air,  and  RuOj  in 
oxygen.  Osmiimi  gives  OsOi,  "osmio  acid,"  a  white  crystaJline 
body  melting  at  40°  and  boiling  at  about  100°.  The  odor  and  irri- 
tatii^;  effects  of  the  vapor  recall  chlorine  (Gk.,  oo-^^,  odor).  The 
substance  is  not  an  add,  nor  even  an  acid  anhydride.  The  aqueous 
solution  is  used  in  histology,  and  stains  tissues  in  consequence  of  its 
reduction  by  oi^^anic  txx^es  to  metallic  osmium.  It  is  affected  par^ 
ticularly  by  fat.  0«nic  add  also  hardens  the  material  without  dis- 
tortii^;  it.  Osmium  forms  also  a  yellow,  crystalline  tbioriOa  OsFg 
(m.-p.  34.5°).  Ruthenium  and  oamium  have  a  maximum  valence 
of  dght. 
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These  elements  resemble  iron  in  ^ving  ruthenates  and  oemates, 
like  KiRuOi  and  K1OSO4,  but  no  corresponding  oxide  or  acid. 
Potaulum  rutbanata  resembles  potassium  manganate  and  ^ves, 
wheo  diluted,  an  oxide  of  rutbemum  and  potaaslum  pvrmthenat* 
KRuO*.    There  are  Bsita  derived  from  the  oxides  RutOt  aod  OsiOt. 

Rhodium  and  Iridium.  -^  These  metals  are  not  attacked  by 
aqua  regia,  while  the  other  four  are  dissolved,  more  or  less  slowly. 
They  are  harder  than  platinum,  and  iridium  ia  alloyed  with  this 
metal  for  the  purpose  of  increasing  its  hardness  (pens),  and  its  re- 
dstance  to  the  action  of  fluorine.  They  resemble  cobalt  in  having 
no  acid-forming  properties.  Salta  corresponding  to  the  oxides  RhjOj 
and  IriOg  are  formed,  and  iridium  gives  compounds  derived  from 
IrOi  as  well.  The  most  familiar  compounds  of  iridium  are  the  eimi- 
plox  cUoridw  XalrCU  (=  3XCl,IrCU)  and  X^IrCU  (=  2XCl,IrCU). 
The  solutions  of  the  latter  are  red,  and  the  acid,  cbloro-lridic  Mid 
.  HglrCU,  is  often  found  in  commercial  cbloroplatinic  acid  HtPtCU, 
and  confers  upon  it  a  deeper  color. 

Palladium  and  Platinum.  —  Palladium  is  the  only  metal  of 
this  family  which  is  attacked  by  nitric  acid!  Palladium  and  platinum 
forms  -ous  and  -ic  compounds  of  the  forms  PdXi  and  PdX*,  respec- 
tively. The  oxides  PdO  and  PtO  and  the  corresponding  hydroxides 
are  baac.  When  quadrivalent,  the  metals  appear  chiefly  in  complex 
compounds,  like  H».PtCl«,  Hj.PdCl(,  in  which  the  metal  is  in  the 
anion.  Platinum  gives  also  platinates  derived  from  the  oxide  PtOi, 
and  quadrivalent  platinum  furnishes  no  well  defined  salts  in  which  it 
constitutes  by  itself  the  positive  ion. 

Palladium.  —  This  metal  (m.-p,  1549°),  named  from  the  planet- 
oid Pallaa,  is  noted  chiefly  for  its  great  tendency  to  absorb  hydrogen. 
When  finely  divided,  it  takes  up  about  800  times  its  own  volume. 
The  amount  absorbed  varies  continuously  with  the  concentration 
(pressure)  of  the  hydrogen,  although  not  according  to  a  uniform 
rule,  and  the  product  ia  in  part  at  least  a  solid  solution.  When  a 
strip  of  palladium  ia  made  the  cathode  of  an  electrolytic  cell,  over 
900  volumes  of  hydrogen  may  be  occluded.  Tlus  absorbed  hydn^en, 
in  consequence  of  the  catalytic  influence  of  the  metal,  reacts  more 
rapidly  than  does  the  gas,  and  consequently  a  atrip  of  hydrogenieed 
pallac^um  will  quickly  precipitate  copper  and  other  metals  less  electro- 
positive than  hydrogen  and  will  reduce  ferric  and  other  redudble  salts: 
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CuS04  +  H,-tH,S0i  +  Cu,       or      Cu-^+  + H,-^2H+  +  Cu. 
2FeCI,+  B:,-»2FeCl»  +  2Ha,  or  2Fe-<-H- +  H, -*  2Fe++ +  2H+ 

The  pallftdious  ulU  are  8ucb  as  PdCli,  PdSOi,  Pd(NOt)t.  Palla- 
dic  chloride,  formed  by  treating  the  .metal  with  aqua  regia,  is  con- 
tained in  the  solution  in  the  form  of  chloropalladic  acid  HjPdCU 
(=  2HCl,PdCl4)  and  gives  difficultly  soluble  salts  like  KiPdCl«. 
When  the  solution  of  the  acid  is  boiled,  however,  chlorine  is  given  off 
and  PdCIa  or  HiPdCU  remains  in  solution. 

Platinum.  —  This  metal  (dim.  of  Sp.  fHaia,  ^ver)  is  grayish- 
white  in  color,  and  is  very  ductile.  At  a  red  heat  it  can  be  welded.  It 
does  not  melt  in  the  Bunsen  flame,  but  fuses  eaaly  in  the  oxyhydrogen 
jet  {m.-p.  1755°),  On  account  of  its  very  small  chemical  activity 
it  is  used  in  electrical  apparatus  and  for  making  wire,  foil,  crucibles 
and  other  vessels  for  use  in  laboratories.  It  unites,  however,  with 
carbon,  phosphorus,  and  silicon,  becoming  brittle,  and  forms  fusible 
alloys  with  metals  like  antimony  and  lead.  Hence  care  has  to  be 
taken  not  to  heat  in  vessels  made  of  it  compounds  from  which  these 
elements  may  be  liberated.  It  also  interacts  with  fused  alkalies, 
giving  platinates,  but  the  alkali  carbonates  may  be  melted  in  vessels 
of  platinum  with  impunity.  The  oxygen  acids  are  without  action 
upon  it,  but  on  account  of  the  tendency  to  form  the  extremely  stable 
complex  ion  PtCl»~  (p.  537),  the  free  chlorine  and  chloride-ion  in 
aqua  regia  convert;  it  into  chloroplatinic  acid  HtPtCl«. 

'  The  metal  condenses  oxygen  upon  its  surface  and  it  dissolves 
hydrogen.  The  finely  divided  forms  of  the  metal,  such  as  pUtlnum 
■poDgo  made  by  igniting  ammonium  chloroplatinate  (NH4)jPtCU, 
and  platHium  bUck  made  by  adding  zinc  to  chloroplatinic  acid,  show 
this  behavior  very  conspicuously.  They  cause  instant  explo^on  of 
a  mixture  of  oxygen  and  hydrogen,  in  consequence  of  the  heat  devel- 
oped by  the  rapid  union  of  that  part  of  the  gases  which  is  condensed 
in  the  metal.  A  heated  spiral  of  fine  platinum  wire  will  continue  to 
glow  if  immersed  in  the  mixture  of  alcohol  vapor  and  air  (oxygen) 
formed  by  placing  a  little  alcohol  in  a  beaker.  Some  dgar-lighters 
work  on  this  principle.  The  heat  is  developed  by  the  interaction 
between  the  substances,  which  takes  place  with  great  speed  at  the 
surface  of  the  platinum  (cf.  p.  596). 

Platinum  is  the  only  otherwise  suitable  single  substtince  which  has 
the  same  coeflicient  of  expansion  as  glass,  and  it  was  consequently 
fused  into  incandescent  bulbs  and  furnished  the  electrical  connection 
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with  the  filament  in  the  Interior.  Recently  it  has  been  displaced  by 
Eldred's  wire,  containii^  a  core  of  nickel  steel  with  a  jacket  of  copper 
and  an  outer  sheath  of  platinum.  This  shrinks  slightly  less  than 
does  glass  on  cooling.  Lai^  amounts  are  also  consumed  in  phStag,- 
raphy  and  by  dentists.  It  is  used  in  making  jewelry,  and  in  Ruseda 
for  coinage.  The  price  of  the  metal  is  very  variable,  since  a  rainy 
season  in  the  Caucasus  will  render  larger  amounte  accessible  to  the 
miners,  but,  on  the  whole,  the  many  applications  which  have  been 
found  for  it  have  quintupled  its  price  in  the  last  twenty  yeats. 

Compounds  of  Platinum.  —  Platlnons'  cUorid*  FtCU  is  made 
by  passing  chlorine  over  finely  divided  platinum  at  240-250°  or  by 
heating  chloroplatinic  acid  to  the  same  temperature.  It  is  greenish 
and  insoluble  in  water,  but  "forma  with  hydrochloric  acid  the  soluble 
ehloroplatliunu  add  HiPtCU.  Potassium  chloroplatinite  KiPtCl*  is 
used  in  making  platinum  prints  {cf.  p.  757).  Bases  precipitate  black 
pUitinotu  hrdrozida  Pt(OH)g  which  interacts  with  acids  but  not  with 
bases.  Gentle  heating  gives  the  oxide  PtO  and  stronger  heating 
the  metal.  With  potassium  cyanide  and  barium  cyanide  soluble 
pUtiiio-«r»nides,  K,Pt(CN)„3H,0  and  BaPt(CN)4,4HsO,  are  formed. 
These  substances,  when  solid,  show  strong  fluorescence,  converting 
X-rays  as  well  as  ultra-violet  rays  into  visible  radiations.  The  barium 
salt  is  used  on  screens  to  receive  the  shadows  cast  by  X-rays, 

Flatlidc  cbloridB  PtCl*  may  be  made  by  treating  the  metal  with 
aqua  regia  and  heating  the  cbloroplatinlo  add  HiPtCU  so  formed  in 
a  stream  of  chlorine  at  360°.  When  dissolved  in  water,  however,  it 
gives  a  compound  Hj.PtCUO  in  which  platinum  is  in  the  anion.  Its 
solution  deposits  red,  non-d'-liquescent  crystals  of  HiPtCl40,4HiO. 

Chloroplatlnic  add  fonns  reddish-brown  deliquescent  crystab 
HiPtCI(,6HsO.  With  potassium  and  ammonium  salts,  it  yields  the 
sparingly  soluble,  yellow  chloroplatinates  KjPtCIa  and  (NHOiPtCU 
(cf.  p.  677),  in  solutions  of  which  the  platinum  migrates  towards  the 
anode  and  silver  salts  precipitate  AgjPtCU  and  not  silver  chloride. 

Bases  interact  with  chloroplatinic  acid,  giving  a  yellow  or  brown 
precipitate  of  pUtlnic  brdrozid*  Pt(OH)(.  This  substance  interacts 
both  with  acids  and  with  bases.  In  the  latter  case  pUtlnatM,  like 
NaiHioPtiOiijHjO,  have  been  obtained.  Both  sets  of  platinum  com- 
pounds interact  with  hydrogen  sulphide,  giving  the  ga^thldM,  PtS 
and  Pt3|.  These  are  black  powders  which  interact  with  yellow 
ammonium  sulphide  solution  giving  ammoniuni  sulphoplatinates. 
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L  Th*  Motrlc  8yKt«Di 
Langth.     1  meter  (1  m.)  ^  10  decimeters  =  100  centimeters  (100 
cm.)  =  1000  millimeters  (1000  mm.). 

1  kilometer  =  1000  meters  (1000  m.). 
1  decimeter  =  0.1  m.  =  10  centimeters  =  3.937  inches. 
1  meter  =  1.094  yards  =  3.286  ft.  =  39.37  inches. 
Tfdume.     1    hter  =  1000    cubic    centimeters     (1000    c.c.)  =  a 
cube  10  cm.  X  10  cm.  X  10  cm. 

1  liter  =  0.03532  cu.  ft.  =  61.03  cu.  in.  =  1.057  quarts  (U.  8.)  or 
1.136  quarts  (Brit.)  =  34.1  fl.  oz.  (U.  S.)  =  35.3  oz.  (Brit.). 

1  fl.  ounce  (U.  S.)  =  29.57  c.e.     1  ounce  (Brit.)  =  28.4  c.c. 
1  cu.  ft.  -  28.32  liters. 
WeU^it.     1  gram  ^.)  =  wt.  of  1  c.c,  of  water  at  4°  C.     1  kilo- 
'  gram  =  1000  g, 

1   gram  =  10  decigrams  =  100   centigrams   (100  cgm.)  =  1000 
milligrams  (1000  mgm.). 

1  kilogram  =  2.205  lbs.  avoird.  (U.  S.  and  Brit.). 
1  lb.  avoird.  =  453.6  g. 

1  oz.  avoird.  (U.  8.  and  Brit.)  =  28.35  g.     100  g.  =  3.5  oz. 
1  nickel  (U.  8.)  weighs  5  g.     1  halfpenny  (Brit.),  5  to  5.7  g. 
1  long  ton  =  2240  lbs.     1  short  ton  =  2000  lbs.     1  metric  ton  = 
1000  kilos  =  2205  lbs. 

n.  Scola  of  Hardneu 
Each  of  the  following  minerals  will  scratch  the  surface  of  a  speci- 
men of  any  one  preceding  it  in  the  list. 

1.  Talc  6.   Felspar 

2.  Gypsum  (or  NaCl)  7.   Quartz 

3.  Calcite  (or  Cu)  8.   Topaz 

4.  Fluorite  9.  Corundum 

5.  Apatite  10.  Diamond 

Qlau  is  slightly  scratched  by  5,  and  easily  by  those  fallowing. 
Glass  will  not  scratch  5  distinctly,  but  will  scratch  those  preceding  5. 
A  good  kniffl  scratches  6  slightly,  but  not  those  following. 
A  ma  will  scratch  7,  but  not  those  following. 
909 
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APPENDIX 


IXL  TesqMnttuTM  Cantlcnde  and  Fabrenluit 

Upon  the  centigrade  scale,  the  freezing-point  of  water  is  (T  C. 
and  the  boiling-point  100°  C.  Upon  the'  Fabrenhmt  scale,  the 
same  points  are  32°  F.  and  212°  F.,  respectively.  The  saioe  inter- 
val is  thus  100°  on  the  one  scale  and  180°  on  the  other.  The  d^ree 
Fahrenheit  is  therefore  Hi  or  S  of  1°  Centigrade.  Any  tempera- 
tures can  be  converted  by  usii^  the  formulie: 

C."  =  j  (F.°  -  32),  F.°  =  f  (C.*)  -I-  32. 

The  following  table  (IV)  contains  the  temperatures  from  0°  C. 
to  35°  C,  with  the  corresponding  values  on  the  Fahienh^t  scale 
(32°  F.  to  95°  F.). 

U..   ■•'... 

nr.  Tap<^  Pmsuras  of  Water 

Both  tb»  Fklmnbalt  (P.)  or  ordiiury  tn 


Ttmpantura. 

Pran«ra.mni. 

F. 

a 

F. 

C. 

32" 
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22° 
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41 

5 

6.5 

73.4 
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46,4 

8 

8.0 

75.2 

24 

Z2-2 

482 

g 

8,6 

77,0 

25 

23-6 

600 

10 

9-2 

78.8 

26 

25.1 

■      51.8 

11 

9.8 

806 

27 

26.5 

53.6 

12 

10.5 

82.4 

38 

28-1 

5S.4 

13 

11.2 

84. 2 

29 

29.8 

57,2 

14 

II -9 

86.0 

30 

31.5 

59.0 

15 

12,7 

87.8 

31 

33.4 

60,8 

16 

13.5 

32 

35.4 

62,6 

17 

14,4 

91.4 

33 

37.4 

64.4 

18 

15-4 

93.2 

34 

39.6 

66.2 

19 

16.3 

95.0 

35 

41.8 

6S.0 

20 

17,4 

69.8 

" 

18.5 
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AccDMOuTOBS,  834 
Acetone,  610 
Acetylene,  692 

torch,  693 
Acid,  &cetic,  609,  610,  615 
ionic  equilibrium,  693 

BDtimonic,  847 

boracic,  638 

bromic,  486 

carbonic,  675 

Caro's,  449 

cbloTAuric,  769 

chloroplatinic,  537,  908 

chloric,  4S2 

chlorous,  483 

cyanic,  626 

dithionic,  449 

formic,  614 

hydrazoic,  521,  541 

hydriodic,  279 

hydrobromic,  274 

hydrochloric,  117,  206 
cliemical  properlips,  212 

hydrocyanic,  626 

hydrofluoric,  282 
neutralisation  of,  396 

hydrofiuoeilicic,  633 

hypochloroua,  223,  473,  476 
bleaching  by,  477 
neutraliiation  of,  397 
DxidatioD  by,  476 
thermochemistTy,  479 

hyponitroua,  538 

hypophoephoric,  562 

hypophoephorous,  561 

hyposulptiuroua,  443 

iodic,  446,  487 


Acid,  metsphoephoric,  567,  660 
metastannic,  827 
muriatic,  207 
nitric,  525 

fuming,  527 

graphic  formula,  540 

nitron  test,  528 

oxidiiing  actions,  534 

properties,  526 

test,  530 
nitroeyleulphuric,  433 
nitrous,  537 
orthoarsenic,  843 
orthophoephoric,  557,  558 
osmic,  905 
oxalic,  616 
pentathionic,  4W 
perchloric,  484 
periodic,  488 
permanganic,  881 
peroxidic,  315 
persulphuric,  448 
phosphorous,  561 
picric,  627 

pyrophosphoric,  557,  560 
pyrosulphuric,  437 
salts,  400 

SchQtsenbcrser's,  444 
adenic,  454 
siUcic,  634 
o-fltannic,  826 
^Htannic,  827 
stearic,  £10 
sulphuric,  117 

chamber  process,  431 

constitution,  441 

contact  process,  438 

dilute,  properties,  439 

Nordbausen,  437 
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Acid,  Bulpburic,  properties,  437 

sulphurous,  444 

taiuaic,  895 

telluric,  455 

tetratbionic,  449 

thioeulphuric,  447 

tritbionic,  449 

xanthoproteic,  528 
Acidimetry,  389 
Acids,  117,324,  373 

action  on  ingoluble  sulphides,  419 

action  with  adts,  397 

dibssic,  ionization  of,  439 

chemical  activities  of,  369 

complex,  salts  of,  649 

iDteraction  with  insoluble  Bubstances, 
713 

non-ionic  formation  of,  406 

organic,  614 

oxygen  acids  of  balotccns,  472 
oxidizing  power,  480 

polythionic,  449 

Btnictural  formults,  662 

sulphur,  431 

weak,  393 
Activity,  cheoucal,  37 

measured  by  speed  of  reaction,  128 

order,  metajs,  129 
non-metals,  284 
Adsorption  of  colloids,  S24 
Affinity,    and    double    decomposition, 

electro-measurement  of,  S04 

me^iuremcnt  of,  37 

misuse  of  term,  38,  127 
Air,  »  mixture,  506 

composition  of,  507 

dust  in,  504 

liquid,  509 

saltpeter,  533 

water  vapor  in,  147 
Alabaster,  717 
Alcohol,  ethyl,  607,  608,  616. 

methyl,  610,  616 
Alizarin,  820 
Alkalimetry,  387 
AlkoUne  earths,  701 
AUotropic  modificaticHis,  315,  551 
AUoye,  644 

anti-friction,  845 


Alumma,  813 
Aluminium,  808 

acetate,  815 

bronie,  739,  809 

chloride,  811 

hydroxide,  81 1 

-ion,  reactions,  821 

oxide,  813 

sulphate,  813 
Aluminothermy,  663,  810 
Alums,  813 
Alundum,  813 
Amalgams,  644 
Ammonia,  515 

household,  530,  725 

propertira,  517 

-soda  process,  688 

synthetic,  516 
Amm6nium,  amalgam,  681 

bromide,  578 

carbamate,  680 

carbonates,  679 

chloride,  520,  678 

cyanate,  683,  626 

dichromate,  857,  862 

hydroxide,  519,  520,  67S 

iodide,  678 

-ion,  reactions,  681 

molybdate,  863 

nitrate,  679 


phosphomoTybdate,  561,  864 

BulphantimonatC'i  848 

sulpharsenste,  844 

suldiate,  680 

sulphides,  080 

Bulphoetannate,  828 
Amphoteric  by droxides,  771 
Analysis,  simplified  by  ions,  385 
Anhydride,  giving  several  acids,  487 

mixed,  449,  555 

rdation  to  add  or  salt,  484 
Anhydrite,  717,  878 
Anions,  357 
Anthracene,  613 
Antimony,  846 

halides,  846 

oxides,  847 

salts,  847 

sulphides,  848 
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ApaUte,  547,  719 
Aqua  regia,  636 
Aqueous  tension,  111 
Aragtmite,  704 
Argon,  609 

Aritlmaetical  problems,  257 
Amne,  840 

diaHociation  of,  290 
Araenic,  839 

halidea,84I 

oiddee,  S42 

Bulphidee,  843 
AabefitOB,  636 
AAphatt,  587 
AsBaying,  761 
Aesociation,  282 
AtmoBphere,  499 
Atomic,  numbere,  468 

weight,  of  a  new  element,  26! 

weights,  63,  05,  inside  rear  cc 
advantages  of,  245 
determination  of,  339 
history  of,  247 
Atoms,  64 

properties  of,  202 

structure  of,  470 
Attributes,  40 

Babbitt's  metal,  846 
Baking,  powders,  689 

soda,  089 
Balance,  first  use  of,  10 
Barite,  72S 
Barium,  729 

carbonate,  720 

chlorate,  730 

chloride,  730 

peroxide,  82,  316,  731 

sulphate,  730 
Baryta-water,  731 
Bases,  149,  325,  373 

action  with  salta,  398 

chemical  activities  of,  370 
c  formaticai  of,  407 


Basic  oxides,  149 

salte,  401 
Battny,  dichromate,  797 

storage,  834,  ace  Cdl 
Bauxite,  811 


Bell-metal,  739 
Bengal  saltpeter,  626, 
Bensene,  613 
Bensbe,  586,  593 
Beryl,  636 
Beryllium,  703 
BerzdiuB,  01 
Bessemer  process,  888 
Biriceland-Eyde  process,  533 
Bismuth,  849 

salts,  850 
Black-lead,  569 
Blast  furnace,  886 
Bleaching,  by  hypochlorous  acid,  477 

not  a  chemical  property,  400 

powder,  476,  716 
Blue  prints,  757 

vitriol,  746 
Body,  definition  of,  7 
BoDo-ssh,  547 
Boradte,  639 
Borax,  630,  691,  726 
Bordeaux  mixture,  746 
B<»on,  637 

halides,038 

hydrides,  638 
Brandy,  608 
Braunite,  870,  877 
Bricks,  810 
Brin's  process,  82 
Britannia  metal,  824 
Bromine,  preparation,  26S 

prqierties,  270 
Brownian  movement,  622 
Brucite,  766 
B.T.U.,  612 

Caduiuii,  773 

-ion,  reactions,  774 
Caesium,  677 


Calcined  magnftai«.j  765 
Calcining,  424 
Calcium,  702 

bicarbonate,  676,  705 

carbide,  571,  692,  716 

carbonate,  704 

chloride,  703 

c^anamide,  720 
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Caldum,  fluoride,  706 

hydride,  703 

hydroxide,  709 

^u,  reactioQB,  727 

nitrate,  717 

nitride,  702 

<M&late,710 

oxide,  708 

phosphates,  719 

phoq>hide,  553 

primary  phosphate,  669 

silicate,  725 

sulphate,  717 

sulphide,  719 
Calculations,  74-77 

volumes,  268 

wei^ts,  267 
CaUche,  62S 
Calomel,  777,  782 
Calorie,  .98 
Calorific  power,  612 
Calorimeter,  96 
Caibides,  570,  655 
Carbon,  66a 

ohemical  propwtiee,  569 

dioxide,  572 
as  jdant  food,  579 
in  tur,  501 
properties,  673 
uses,  578,  679 

disulphide,  670 

mcmoxide,  577 
pnqierties,  578 

oiddes  of,  672 

prints,  869 

suboxide,  679 

tetrachloride,  670 
Cariwna,  571 
Carfoonyl  chloride,  582 
Carborundum,  672 
CamaUite,  664 
Caasiterite,  823 
Castner-Kellner  procne,  067 
Catalysis,  97 
Cations,  366 
Cause  in  science,  39 
Celestit«,  728 
CeU,  Bunsen,  797 

Clark,  797 

(Ximbination,  788,  789 


C^  concentration,  789,  801 

Daniel),  796 

displacement,  788,  791,  796 

dry,  797 

Edison,  836 

Leclanch^,  707 

Dxidatian,  788,  792 

poteatiaTs  tad  concentration,  794 

Weston,  797 
C«Us,  facts  concwning  all,  792 
Celluloid,  642 
Cdluloee,  603 
Cement,  817 

Cerite,  808  ■ 

Cerium,  837 
Chalcocite,  736 
Chalk,  704 
Charcoal,  btme,  610 

wood,  610 
Chemical  activity,  37 

and  iouiiation,  369 

methods  of  measuring,  806' 
Chemical  affinity,  304 

misuse  of  tenn,  804 
Chemical  change,  cause  of,  38 

combination,  12,  14 
in,  17 
18 

double  decompoffltion,  20" 

energy  in,  28 

internal  rearrangement,  20 

speed  of,  37 

Bubstitutioa,  226 

varietjee  of,  228 
Cb«nical  equilibrium,  287 

and  conc^itration,  291 

and  temperature,  304 

characteristics,  ^9 

displacement  of,  301 

formulation  of,  297 

heterogeneous,  300 

history,  304 

homogeneous,  289 

kinetic  explanation,  289 
Chemical  potential,  803 
Chemical  properties,  inept  statements 
of,  490 

epecification  of,  489 
Chemical  relations,  267 

alkaline  earths,  701 
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Chemnical  relatioiiB,  and  pmodic  sys- 
tem, 463 

determine  groupa,  464 
Chemically  pure,  6 

Chemistry  tuid  physics,  distinction  be- 
tween, 48 
Chile  saltpeter,  526 
China,  817 
Chitin,  704 
Chloride  of  lime,  476 
Chlorides,  test  Tot,  860 

ways  of  making,  213 
Chlorine,  216 

chemic&l  relations,  226 

dioxide,  4S3 

monoxide,  473 

naacent,  637 

not  a  bleacher,  478 

preparation,  216-220 

properties,  221-226 
Chlorofonn,  689 
Chromatis,  859 
Chrome-alum,  862 
Chrome-red,  859 
Chrome-tanning,  859 
Chromic  anhydride,  857,  860 

hydroxide,  861 

chloride,  861 

oxide,  861 

sulphate,  862 
Chromite,  866 
Chromium,  864 
Chroraous  compounds,  862 
Chromy]  chloride,  860 
Clay,  816 
Co^,  611 
Cobalt,  890 

'comidex  compounds,  BOl 
Cobaltic  compounds,  900 
Cobaltoua  compounds,  900 
Cochineal,  820 
Coke,  613 
Colemaoite,  639 
Collodion,  642 
Colloidal  suspension,  621,  817 

coagulation  of,  622,  844 
Columbium,  862 
Combming  proportions,  62 

measurement  of,  55 
Combining  weights,  57 


Combustion,  91 

BpontaneouB,  95 
Components,  7 
Composition,  25 
Compound  Bubetancee,  22 
Compounds,  molecular,  154,  530 
Complex  acids,  salts  of,  649 
Concurrent  reactions,  483,  485 
Conditions,  40,  67 
Conductivity,  of  dectrolytee,  361 
Condy's  fluid,  881 
Congo  red,  392,  820 
Consecutive  reactions,  272,  445,  486 
Constant  boiling-point,  acid  of,  211 
Constant,  equilibrium,  298 


Constituents,  12 
Contact,  action,  97 

agents,  n^ative,  446 
Copper,  736 

Bcetylide,  692 

alloys,  738 

ammonio-compounds  of,  739-742 

analytical  reactions,  746 

basic  chloride,  738 

chemical  relations,  734 

complex  cyanides,  744 

electro-refining,  747 

sulphides,  746 
Cordite,  641 
Com  syrup,  605 
Corrosive  sublimate,  777 
Couples,  119,  800 
Crayon,  704 
Cream  of  tartw,  690 
Critical  temperature,  166 
Croooisite,  8S6 
Cn^,  fertilisation  of,  721 
Cryohydrates,  200 
Ciystal  structure,  470 
Crystallization,  water  of,  164 
CiTstals.  171-174 
Cupric  acetat«,  746 

bromide,  378,  740 

carbonate,  744 

chloride,  739 

hydroxide,  743 

nitrate,  744 

oxide,  66,  743 

sulphate,  745 
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Cupric  sulphate,  hydrates,  ISO-153 

hydrolysis,  399 
CuprouB  chloride,  740 

iodide,  741 

oxide,  743 
Cyanogen,  626,  78 

D ALTON,  61 

Deacon's  process,  217,  SOS 

Decay,  91 

Decrepitation,  670 

Definitions,     in     experimental    terms, 

238,264 
Deliquescence,  197 
Density  of  gasee,  111 

relative,  260 
Dcnaily,  vapor,  113 
Detinnii^S24 
Dextrose,  605 
Dialysis,  621 
Diamond,  667 
Diaspore,  811 

Dibasic  acida,  ionisation  ot,  439 
Diffusion,  163 

gases,  125 

liquids,  168 


Dimorphous,  412 

Dischorgine  potentials,  798 

Disinfectanta,  478 

Dieeociation,  148 
illustrations,  260 
in  solution,  324,  339 


Distillation,  44 

fractional,  587 

in  steam,  563 
Double     decompoeitjoii, 

380 
Double  salts,  402 
Dust  in  air,  504 
Dyeing,  818 
Dynamite,  541 

E^BTtnswABX.  8Mt 
Eau  <U  Jantt,  669 


Electric  furnace,  549 
Electrical  mergy,  unite,  766 


Electrolyaia,  343,  798 

energy  used  in,  359 

explained,  351--355 

of  water,  121 

quantities  of  electricity  used,  367 
Ellectralytes,  conductivity  of,  361 
Electrolytic  refining,  799 
Enectromotive  chemistry,  786 
EUectromotive  series,  metals,  404 
Electrons,  354 

and  oxidation,  403 
Electrophoreeis,  622,  817 
Electroplating,  755 
Electrostiiction,  397 
Electrotyping,  746 
Element,  22,  23 

Elements,  metallic  and  non-metallic, 
-150,  467 

relative  quantitiee,  24,  114 
Emery,  812 
Emulsion,  624 
Endothermal  changes,  36 
Energy,  30 

and  chemical  change,  28 

chemical  or  internal,  34,  35 

conservation  of,  32 

definitions  of,  32 

factors  of,  803 

free,  35 

units  of,  34 

world's,  580 
Eniymee,  607 
Epsom  salts,  767 
Equation,  70 

writing,  73,  542 
anhydride  method,  406 
partial  equations,  209 
positive    and    n^ative    vaknoes, 

426,403 
positive  charges,  499 
Equations,  motecvdtu',  256 
Equilibrium,  169 

chemical,  287 

ionic,  358,  377 
displacement  of,  378 
Equivalent  wei^ts,  63 
Esteta,  617 
Ether,  ethyl,  621 
BolubiUly,  180 

methyl,  620 
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Ethyl  acet&te,  617 

-hydrogen  sulphate,  691,  617 
Ethylene,  590 
bramide,  SQl 
Bsii   Evaporatum,  IS 
I'l  3C    Exothermal  changes,  36 

Explanatioiie,  three  kindB,  10 
S       Extraction,  189 

Fact  in  chemiotiy,  4S 
Fat,  618 

Fehling's  aolution,  744 
FelBpor,  6,  636 
Fennentatian,  607 
Ferrates,  899 
Ferric  compounds,  895 
ft«  thiocyanate,  292,  898 

FerrofliUoon,  630 
I         Ferrous  compounds,  893 

sulphide,  16,  419 
FerUlisers,  673,  720,  721 
Filtration,  15 
Fixation  of  nitrogen,  532 
Flame,  594 

blaat  lamp,  597 

Bunsen,  597 
wby  non-luminous,  600 

cause  of  luminosity,  599 
Flour,  5 
Fluorine,  280 
Flux,  640,  062 
Foods,  627 

composition  of,  627 

digestion  of,  628 

fud  values,  628 
Fonnuls,  calculation  of,  71,  89,  164 

graphic,  322 
I  reaction,  151 

structural,  322 
Fractioiu  ioniicd,  307 

calculation  of,  366 
FrankUnite,  76S 
Freeiing  mixtures,  200 
Freezing-point,  143 

depreasiDn  of,  334 
Froth  flotation,  737,  768 

Galena,  829 
Gallium,  807 
Galvanized  iron,  769,  600 


Garnet,  636 
Gas,  blau,  694 

coal,  612 

illui 


!,  594 


427 


-lighten,  837 

(Hi,  694 

Pintsch,SM 

torch,  593 

watw,  oarfauretted,  594 
Gases,  density  of.  111 

ease  of  liquefaction, 

heat-capacitiee  of,  £11 

laws  of,  104-110 

liquefaction  of,  507 

mixed.  111 

partial  pressure,  111 

purification,  123 

six  physical  properties,  87 
'  BolubiUty  in  liquids,  S7 

solubilities,  42S 
Gasoline,  586 
German  aiver,  902 
Germanium,^ 
Glass,  283,  726 

Btdubility  ti,  143 
Ghiuber's  salt,  690 
Glucinum,  763 
Ghicose,  604 
Glycmne,  616 
Glyceryl  nitrate,  528,  640 
G.M.V.,  236 

number  of  molecules  in,  23S 
Gold,  768 

compounds  of,  760 

reactions,  761 
Gram-Molecular  Volume,  236 
Granite,  4 
Graphite,  568 
Guano,  525 
Gun-metal,  739 
GuncottoD,  628,  617 
Gunpowder,  670 
Gvpeum,  717 

"HaMATm;,  886 
Halogens,  267,  284 

chemical  relations,  486 
Hardness,  scale  of,  909 
Hauamannita,  876 
Heavy-spar,  729 
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Helium,  611 
Hooke,  S 
Horo-siiver,  74ft 
Humidity,  602 
HydrargyDite,  811 
Hydrates,  160-154 

oonditions  fixing  degree  of  hydration, 
S78 

perme&ble  by  wsAea  vapor,  466 
Hydrazine,  521 
Hydrooarbona,  585 

cracking  of,  593 

paraffins,  585 

saturated,  585 

unsaturated,  590 
Hydrogen,  114 

active  (nascent),  543 

chemical  pr(^>ertic8,  126 

dissociation  of  molecules,  253 

-ion,  373 

physical  propertiee,  124 

preparation,  114-122,  631,  703 
Hydrogen  bromide,  preparation,  271 

properties,  273 
Hydrogen    chloride,    chemical    prop- 
ertiea,  212 

oompoeition,  227 

physical  properties,  210 

preparation,  206 

preparation,  theory  of,  207-209 
Hydrogen  fluoride,  preparation,  2S1 
Hydrogen  iodide,  287,  306 

preparation,  277 

properties,  279 
Hydrogen  peroxide,  preparation,  316 

properties,  318 
Hydrogen  pentasulphide,  422 
Hydr<^en  sulphide,  414 

properties,  415 

properties  of  solution,  417 
Hydrogenite,  631 
Hydrolysis,  210,  398,  418,  646-648 

aluminium  carbonate,  814 

aluminium  sulphide,  815 
Hydrolyte,  703 
Hydroxide-ion,  374 
Hydroxylamine,  522 
Hypo,  691 
Hypochlorites,  preparation,  474 

propertiee  of,  480 


Hypotheses,  fonnulative,  176 
stochastic,  176 

ICBUin)  spar,  704 
Impurities,  6 
Indicators,  391 
Indigo,  819 

oxidation  of,  314,  476,  479,  638 
Indium,  807 

Infusible  white  precipitate,  781 
Infusorial  earth,  033 
Ink,  India,  597 

marking,  754 

printer's,  597 

writing,  895 
lodimetry,  277 
Iodic  anhydride,  487 
Iodine,  chlorides  of,  235 

dissociation,  276 

preparation,  274 

properties,  275 

titration  of,  448 

vapor,  261 
Iodoform,  589 
Ionic  equilibrium,  358,  377 

displacement  of,  378 

eicceeB  of  one  ion,  694 

saturated  solutions,  697 

viewed  quantitatively,  693 
Ionic,  migration,  345 

reactions,  kinds  of,  402 

substances,  chemical  propertjes,  3 
nomenclature,  35S 
loniiation,  342 

and  chemical  activity,  369 

degree  of,  366 

repression  of,  694 
lonogens,  355 

classes  of,  372 

non-ionic  formation  of,  406 
Ions,  are  substances,  375 

displacement  of,  403 

nature  of,  348 
Iridium,  906 
Iron,  884 

cwbonyls,  898 

cast,  887 

chemical  properties,  892 

magnetic  oxide,  89,  116,  880 

metallurgy,  885 
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Iron,  patRve,  893 

Lead,  829 

.  reactioDB.  899 

acetate.  834 

-stone,  SS6 

carbonate,  833 

wrought,  887 

halides,  830 

Iboih^b,  583 

-ion,  reactions,  838 

nitrate,  S33 

laoprene,  590 

radio-,  871,  872  , 

oxides,  831     . 

Kajotti!,  673 

sugar  of,  834 

Kaolin,  636,  816 

sulphate,  834 

Kelp,  864 

sulphide,  834 

Kieaerite,  767 

Le  Blanc  proceas,  686 

Kindling  oonditiona,  9S 

Light,  and  chemical  change,  581 

Krypton,  511 

Lignin,  603 

Lakbb,  820 

LwDpblack,  596 

Liquefaction  of  gases,  507 

Laughing  gM,  640 

Liquid  air,  509 

Lavoiflier,  8,  22,  80 

Liquid  and  vap«r,  168 

Law,  Avogadro'B,  163,  231 

Lithium,  692 

Boyle'B,  104,  107,  161 

lithopone,  730 

deviationB  from,  164 

Litmus,  392 

Cbarlee',  110,  162 

combiiiini;  wdghtfl,  59 

Lunar  caustic,  763 

oomponent  flubetances,  6 

Maonaliuh,  800 

constant  heat  summation,  100 

Magnetia  aiba,  766 

Magnesium,  766 

carbonates,  760 

Dulong  and  Petit' s,  246 

chloride,  766 

Faraday's,  350 

hydroxide,  766 

Gay-Luasac's,  157,  163 

Heniya,  188 

786 

in  chemistry,  45 

ioH-product  constancy,  698 

nitride,  514 

Le  Chat«lier'a,  307 

oxide,  755 

mass  action,  292 

phosphates,  767 

sulphate,  767 

molecular  concentration,  292 

sulphide,  767 

multiple  proportions,  58 

Magnetite,  886 

erf  octaves,  469 

Malachite,  736 

(rf  partition,  139 

Manganates,  8S0 

periodic,  462 

Manganese,  875 

phase  rule,  705 

bronze,  739 

specific  physical  properties,  4 

Manganin,  876 

Tan't  Hoff's,  306 

Mangaoites,  879 

Uwa,  two  kinds,  232 
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920  -  DSI 

Manganoufl  dithionate,  4S0 

MftTBh'B  test,  S41,  84a 

Matches,  562 

Mayow,  8 

MendelejeffB  Table,  461,  <spp.    rev 

cover 
M^curic  chloride,  777 

cyanide,  781 

fulminate,  541,  781 

oxide,  17 

thiocyanate,  781 
Mercurous  chloride,  777 
Mercury,  775 

ammono-cuDpounda,  781 

iodides,  779 

nitrateB,780 

oxidee,779 

reactions,  783 

sulphides,  780 
MetaUic  elemente,  150,  457 

chemical  relations,  645 

classes  of,  650 

of  alkaliefi,  chemical  relations,  061 
Metals,  compounds  of,  hydroxides,  664 

oxidee,  663 
Metals,  electric  conductivity,  644 

extmctioQ  from  oree,  652 

mdtinc-points,  643 

occurrence,  652 

of  the  alkalies,  661 

physical  prop^tiea,  642 

salts  of,  654 

world's  production,  645 
Metastable  condition,  194 
Methane,  688 

synthesis,  570 
Methods,  experimental,  42 
Methyl  formate,  617 

orange,  302 
Mica,  4,  636 

Microcosmic  salt,  659,  681 
Migration,  ionic,  346 

velocities,  347 
Mirrors,  silvering  of,  756 
Mispickd,  839 
Mbium,  832 
Mixtures,  0 
Molecular,  compounds,  154,  630 

equations,  256 

f  ormul»,  249-263 


Mdecular,  theory,  160 
gases,  160-167 
gascB,  summary,  165 
hist<n7,  167 
liquids,  168 
Bcdids,  170 


weights,  2 
f  leeiing-pcHiit  method,  336 
Mtdecuks,  64 
Molybdenum,  863 
Monde  process,  903 
Mond  metal,  BOS 
MordantA,820 
Mcotar,  700 

Natbiha,  586 

N^hthalene,  613 

Nascent  (active),  hydrogm,  64S 

chlorine,  637 

O^gea,  480 
Natural  gas,  68S 
Negative  demoite,  457 
Neon,  5U 

NeeHler'B  reagmt,  782 
Neutralixation,  in  conductivity  tnu^ 
388 

ionic  fwmulation,  386 

of  little  ioniied  mibatances,  394 

thermal  e&eota,  3S8,  396 

volume  change  in,  397 
Nickel.  901 
Niobium,  852 
Niton,  fill,  871 
Nitric  anhydride,  627 

oxide,  529,  632 
Nitrides,  614 
Nitro-derivatives,  527 
Nitro-Iime,  720 
Nitrogen,  active  form,  615 

chemicBl  idations,  613 

fixation  of,  515,  632 

iodide,  523,  541 

preparation,  613 

properties,  614 

tetroxide,  631 

trichloride,  523 
Nitroglycerine,  528,  640,  617 
Nitron,  528 
Nitioeyl  chloride,  637 


DiailizodbvGoOgle 


NitrauB,  anhydride,  638 

Mtide,  539 
Nomoiolature,  kmio  BubetanoeB,  36f 
N<»-metallic  elementB,  160,  467 

On^,  drying,  830 

ve^table,  618 
Oleum,  437 

Opoi-hearth  procma,  889 
Orpiment,  839 
Oatnium,  90S 

OBmotic  pressure,  327-334 
q>proniDate  relations,  332 
ocact  relations,  331 
meAflurement  of,  330 

suction,  329 
Oxidation,  91 

aceotnpanies  reduction,  417 

and  reduction,  491-493 
Oxides,  acidic,  IfiO 

basic,  149 

nomenclature,  90 
Oxidizing  agents,  why  actire,  314, 
Oxone,  86 
Oxygen,  79 

cfaanical  propertiee,  87 

history  of,  79 
-  in  respiration,  92 

"nascent,"  224,  480 

■physical  propertied,  86 

preparation,  81-85 

substanoes  indiffemit  to,  03 


Paint,  730,  836 

luminous,  719 
Fatladium,  906 
Paper,  603,  816 
Parke's  process,  749 
Fattinson's  process,  740 
Pauling  process,  534 
Pearl  ash,  672 
Perchloric  anhydride,  484 
Periodic  system,  466 

grouped  by  relations,  404 

inadequacy  of,  407 

prapotiee  and  relations  is, 

usee,  406 


Permai^anatea,  881 

Permutite,  724 

Peroxides,  constitution  of,  321 

Petrol,  686 

Petrolatum,  687 

Petroleum,  586 

Pewter,  824 

Phase  rule,  705 

PhaaeB,  192 

Phenol,  613 

Phenolphthaleln,  391 

Phlogiaton,  9 

Phosgene,  225 

Phosphine,  562 

Phoephonium  compounds,  654 

Phosphorite,  719 

Phosphorus,  chemical  relations,  647 

oxychloride,  655 

pentabromide,  555 

pmtachloride,  280,  299,  664 

pentoxide,  666 

preparation,  547 

red,  properties,  649,  661 

sulphides,  663 

trichloride,  554 

trioxide,  556 

white,  properties,  549,  560 
Photochemistry,  681 
Photogmphy,  756 

blue  prints,  898 
Physics  and  chemistry,  distinction  be- 
tween, 48 
Physics  in  ohemiBtry,  47,  84 
Plasty  of  Paris,  718 
Platinum,  907 

prints,  757 
Pdarisatirak,  360,  798 
Potymerisatton,  282 
Polymorphous,  412 
Pdysulphidea,  421 
Porcelain,  816 
Positive  elements,  457 
Potash,  671 


bromate,  669 
bromide,  665 

carbonate,  671 
chlonte,  83,  480,  660 
chloride,  663 
chromate,  866 
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Potaanum,  cobalticyuiide,  901 
oobaltinitrite,  901 
cobaltocyaoide,  90  L 
cuprocyonide,  744 
cyonste,  626,  673 
cyanide,  672 
dichromate,  866 
taTicyanide,  897 
ferrocyanide,  897 
fluoride,  665 

hydrogen  tartret«,  67S,  690 
hydroxide,  665,  700 
hypobromite,  486 
hypochlcnite,  474,  669 
iDi^te,  669 
iodide,  664 
-ion,  reaction  B,  675 
manganate,  SSO 
nitrate,  625,  670 
oxides,  668 
percarbooate,  672 
perchlorate,  483 
permwiganate,  881 


pyroantimomate,  848 

pyroHulphate,  674 

aulphatee,  673 

sulphidee,  674 

tbiocyanate,  626,  673 

nncate,  770 
Potottial  difFermcea,  metalai'T^ 

aon-metalB,  797 
Precipitates,  deecnptioo  of,  214 
Precipitation,  formulation  ot,  382 

of  iont^ens,  382 

rule  tor,  711 

theory  of,  710 
Preeeure,  osmotic,  327-334 
Princiidee,  aummary  of,  229,  309 
Pritetley,  80 
Producer  gas,  577 
Properties,  specific  phyeiCAl,  3 

list  of  specific  phyeioal,  40 
Proteins,  515,  520,  528 
ProuBtite,  749 
Prusaian  blue,  897 
Purple  of  Cassiug,  825 
Pyrargyrite,  749 
Pyrene,  571 
IVoluaite,  876 


PynMulphatai,  438 

QuAUTATiVB  analyaia,  reoognitioii  of 

oationn,  783 
Quartation,  761 
QuBiti,  4,  633 
Quart!  lUua,  634 
QuickUme,  708 
Quicknlver,  77S 

Radicau,  117 

organic,  580 
Radium,  886 

emanaticMi,  513 
Reaction,  fonuuln,  161 

speed,  320 
and  tMuperatuie,  304 
leet.  e^.,  446 
ReactioDS,  ooacurrent,  483,  4SS 

conaecutive,  445,  486 
.  icHiic,  kinds  of,  402 
Realgar,  839,  844 
R«d  lead,  832 

Reduction  and  oxidation,  491-493 
Refrigeration,  517 
R^,  Jean,S 
Rhodium,  906 
Ruuuann'B  green,  771 
Roasting,  424 
Rochelle  salt,  690 
Root  nodules,  515 
Rubber,  artificial,  S90 
Rubidium,  677 
Ruby,  812 
Rusting,  ,801 

explanation  <rf,  8 

irf  metals,  7,  9 
Ruthenium,  905 

SAiMairm,  672 

Salt,  inept  defimti<»  of,  407 

Salts,  214,  324,  375 

acid,  400 

action  with  acids  and  bases,  397 

action  with  water,  398 

banc,  401 

chemical  activity  <tf,  868 

common  hydrates,  &S7 

double,  402 
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Sapphire,  812 


Scheele,  80 
Scbtippe'B  salt,  848 
Schoenite,  673 
Schwerin  procxee,  817 
Scientific  method,  3 
8elKiit«,  717     - 
Selenium,  453 

compoundfl,  464 
Serpoitine,  636 
Sewikge  diapoeal,  92 
Sherardizing,  769 
Siderite,  885 

Siemens-Martin  proceee,  889 
'  SiUcmt,  S30 

-bronEe,  739 

dioxide,  633 

hydride,  631 

pTopertiee,  631 

tetrachloride,  632 

tetraSuoride,  632 
Silk,  artificial,  642,  743 
Silver,  748 

alum,  754 

carbonate,  754 

chemical  relations,  748 

coUcSdal,  760 

coQiplex  Balta,  752 

h^des,  751 
^  -ios,  reactions,  757 

nitrate,  18,  763 

oiide,  753 

peioxidaCe,  764 

plating,  755 

sulphate,  754 

sulphide,  764' 
SimiJe  substances,  22 

preparatioQ,  122 
Stability,  148 
SmokelcBs  powder,  541 
Soi^,  chemical  properties,  620 

clauising  power,  623 

RoUoidal,  623 

hydralysiH  of,  399 


Sodium,  683 
alumiiiate,613 
amalgam,  084,  776 
bicaibgnate,  675,  689 
CB|bonate,  686 
idiloride,  18,  684 
cyanide,  721 
dichromate,  867 
hydride,  4^  684 
t^'dronde,  685 
hypochlorite,  474 
hyposulphite,  443 
-ion,  reactions,  602 
metaphoephate,  559,  660 
nitrate,  685 
nitrite,  537,  686 
orthophoephates,  658 
oxide,  685 
periodate,  488 
peroxide,  85,  685 
691 


Soda  water,  674 


634,691 

o-stannatc,  825 

iB-etanDate,  827 

Bulphate,  690 
ecdubilities,  193,  195 

sulphide,  hydrolysis,  418 

tetraborate,  639,  691      "^ 

tetrathionate,  448 

thiosulphate,  447,  691 
Solder,  330 

SolubiiitieB,  bases  and  salts,  666,  a 
side  front  oover 

Kssee,  187,  428 

gases  in  liquids,  37 

liquids  in  water,  180 

salts,  191,  656,  inside  front  oover- 
Solubility,  independent,  187 

insoluble  salts,  802 

measurement  of,  180 

product  constant,  698 

separation  by,  4S1 

tonperature  and,  190 

units  used,  181 
Solution,  178 

boiling-points  of,  198,  337 

concentration.  181 

definition,  2R| 


Mz,,!:,.,  Google 


824 

SolutioD,  density  of,  201 

fraemng-point  of,  19S,  334 

heat  of,  202 

heat  of,  data,  203 

insoluble  salts,  to  complex  i 

molar,  183 

Donntk],  182 

of  insduble  subfltuicee,  712 

OHinotic  preMure  of,  SZT 

physical  or  chemic^,  202 

pressure,  186 

rule  for,  711 

saturated,  181,  192 
definitions  of,  194 

suction,  186 

supersaturated,  192 

vapor  tensioQ  of,  197 

varieties  of,  179 

volume  cbaaKee,  201 
Bolvay  process,  688 
Bolvwils,  ioniring,  357 
Spectroscope,  675 
Specularite,  885 
Speed  of  reaction,  and 
96 

and  temperature,  93 
SpineUe,  812 
Spinthariscope,  867 
SUbility,  93 
Stalactites,  705 
Standard  salutions,  390 
SUnnic  chloride,  825 
Stannous  chloride,  825 
Starch,  604 

States  of  BggreKation,  48 
Stationary  layer,  503,  597 
Stearin,  619 
Steel,  alloya,  892 

crucible,  890 

tempting,  890 
Stereotype  metal,  747 
Stibine,  846 
Stibnite,  845 
Storage  battery,  834 
Strontium,  728 
Sublimation,  275,  555 
Substance,  definition,  4 

iooorrect  definitions,  25 

ample  or  compound,  22 
Suerow,606 


INDEX 

Sugar,  cane,  60S 

grape,  605 

invert,  606 

Sulphates,  441 

741      Sulphides,  418 

adda  on  insoluble,  419 

insolt^le,  classification,  421 

of  metals,  solubilities  of,  774 
Sulphites,  446 
Sulphur,  amorphouB,  413 

chemical  properties,  413 

chemical  relations,  422 

chlorides,  450 

monoclinic,  411 

dioxide,  prq>aTatioD,  424 
properties,  426 

family,  chemical  relations,  456 

manufacture,  410 

oxidation  by  air,  446 

oxides  of,  ^24 

physical  properties,  411 

rhombic,  411 

trioxide,  preparation,  428 
.propalies,  430 

vapor,  261 

viscous,  412 
Sulphuryl  diloride,  427,  461 
Supert>hosphate,  65B,  720 
Sylvanite,  758 
Sylvite,  664 
Symbols,  69 
Synthcflis,  566 

Talo,  636 

Tantalum,  852 

Tellurium,  455 

Temperature,  and  reaction  speed,  93 

critical,  166 
Temperatures,  °F.  and  "C.,  ftJO 
Thallium,  SfJ7 
Thermite,  810 
Thermochemistry,  98-101,  321 

of  neutralization,  306 
Thionyl  chloride,  450 
Thorium,  837,  872 
T^,  823 

concentration  cell,  801 

oxides,  827 

^le,  800 

reactions,  828 
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Tin,  sulphidee,  82S. 
Titanium,  837 
Titration,  390 
T.N.T.,  527 
Toluene,  590 
Touch-paper,  671 
Tr&aBformation  by  stepe,  644 
Triads,  45S 
Trinitrotoluene,  527 
Tripoli  powder,  633 
Tungsten,  864 
Tumbull's  blue,  898 

Ulteaharinb,  818 

UltrainicrGecope,  S21 

Units,  molecular  concentration,  294 

weight  and  volume,  74,  909 
Unstable,  miause  of  term,  148 
Uranium,  865 
Urea,  582 

Vai-kncb,  130-139 
in^t  definitions,  138 
oddities  connected  with,  137 

Van  der  Waala,  165 

Vanadium,  852 

Vapor  premure,  146 

Vapor  tension,  145 

Varieties  of  chemical  change,  12,  17, 
IS,  20,  21 

Vaseline,  687 

Ventilation,  602 

Vermilion,  780 

Vinegar,  609 

Vitriols,  771 

Volumetric  methods,  391 

Washing  soda,  68S,  724 
Water,  141 

action  on  salts,  398 

osaociated  liquid,  202 

chemical  properties,  147-151 

composition  of,  166-167 


carburetted,  S94 
glass,  634 
hard,  722 
daino^  due  to,  722 
in  laundry,  723,  724 
treatment  of,  723 
trf  crystalliiation,  164 
physical  propertira,  143 
purified  by  coagulation,  815 
vapor  pressures  of,  910 

Waterproofing,  816 

Waters,  natural,  141 
purification  of,  142 

Weights,  and  measures,  909 
atomic,  63,  65 
oombining,  67 
equivalent,  63 

Weldon  process,  879 

White  lead,  833 

Whiskey,  eOS 

Wine,  607 

Wireless  electric  waves,  469 

Witherite,  729 

Wood,  diBlillation  of,  610 

Wood's  metal,  849 

X-BATS,  469 
Xenon,  511 

Zmc,  768 

blende,  768 

carbonates,  771 

chl<mde,  769 

hydroxide,  770 

^on,  reactions,  773 

oiide,  770 

sulphate,  771 

sulphide,  772 
Zincite,  768 
Zircon,  636 
Zirctnuum,  837 
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INTERNATIONAL  ATOMIC  WEIGHTS  (1017) 


Antimtmy 

Argon 

0-16. 

Al      27.1 

Sb    130.2 

A       39.88 

...Ab     74.96 

Mdybdenum 

O 

,Mo 
.Nd 
..Ne 
..Ni 
w)Nt 
..N 
..Ob 
..0 
..Pd 
..P 
..Pt 
..K 
..Pr 
..Ra 
..Rh 
..Rb 
..Ru 
..Sa 
..Sc 
..8e 
..Si 
..Ag 
..Na 
..Sr 
-.8 
..Ta 
..Te 
..Tb 

..•n 

..Th 

-16. 

96.0 

Neon.., 

Niekd 

Niton  (radium  emanatio 
rfitrogan 

O^gen 

,Pboq.horuH 

Ratinum 

Potaasium 

Radium 

Rhodium 

Rubidium 

Ruthenium 

Samarium 

Scandium 

Selenium 

Silicon 

Silver 

Sodium 

Strontium 

Sulphur 

Tantalum 

Tellurium 

Terbium 

Thallium 

Thorium 

20.2 

Barium 

B       11.0 

Cadmium 

Ca»him 

Calcium 

Br     70.92 

Cd  112.40 

Cb    132.81 

Ca     40.07 

16.00 
108.7 

31.04 
]<)5.2 

Cerium 

Ce    140.26 

140.9 

Cobah 

Odombium 

Copper 

Co     58.97 

Cb     93.1 

Cu     63,67 

Dy  162.5 

.     Er    157.7 

86.46 
101.7 
150.4 

44.1 

Europium 

fluorine 

Gadcdinium 

Gallium 

Eu   162.0 

F       19.0 

Gd  167.3 

Ga     69.9 

G«     72.5 

Gl       9.1 

28.3 
107.88 
23.00 
87.63 
32.06 

GfW 

Au   197.2 

.He       4  00 

127. S 

Hohnium 

Hydrogen 

Ho  16i.5 

H         1.008 

...    In    114.8 

204.0 
232.4 

•nil 

Titanium 

Tui^pten 

Uranium 

Vanadium 

Xenon 

Yttertuum  (Neoyttecbiu 
Yttrium 

..8u 

..Ti 

..W 

..V 

..V 

..Xe 

m)Yb 

..Yt 

.Zn 

.Zr 

Iridium 

Iron 

Krypton 

It     193.1 

Fe     65.84 

Kr     82.92 

48.1 
184.0 
238.2 

Lead 

Lithium 

Pb  207.20 

U        8.94 

130.2 
173.8 

Mg    24.32 

Mn    64.93 

Hg  200.8 

66.37 

Manganm 

M«uiT 

Ziwonium 

90.6 
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